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(54) Title: RNA INTERFEEBJCE COMPOSITIONS AND METHODS 



(57) Abstract: The .nvention provides isolated nucleic acids. Forexsnple, the invention provides isolated rrclcic acids havine at 
least one strand with both sense and antisense sequences that are commentary to each other. The invention^ provides isolated 
IT nucleic acids having at leasUme strand that is a template for both «nse and antisense sequences that area.mplemen.ary to each 
O ° ther - In ^ ,Uon - the • mvH * n P rovides v ^^es, and transger* animals (e.g., transgenic non-human«imals) containing one 
^ or more of the .solated nucleiLacids provided herein as well as method for using one or more of the isolated.Ec.cic acids provided 
hcre >n W reduce the level of— RNA (e.g., an mRNA) within a cell. 
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RNA INTERFERENCE COMPOSITIONS AND METHODS 

BACKGROUND 

1. Technical Field 

The invention relates to methods and materials involved in RNA interference. In 
particular, the invention relate to nucleic acids that form JRNA molecules that induce 
RNA interference as well as methods for using the nucleic adds to reduce the level of 
RNA (e.g., mRNA) within a (Bail. 

2. Background Information 

RNA interference, alar known as gene silencing, tjjp ically employs small RNA 
molecules, called small intedExing RNAs (siRNAs), to down-regulate the expression of 
targeted sequences in cells. sSLNAs are double stranded mslecules, one strand of which 
can be complementary to annrRNA. When an siRNA con&ms a sequence 
complementary to an mRNA, that mRNA is post-transcrip&raally degraded by an RNA- 
Liduced S:. icing Comple;:"£TISC) press-it withi l ,. ceS*£Hannon et c... . \: ^ e 9 
404:293-296 (2000)), thus effictively down-regulating expression of the associated gene. 
RNA interference has been ported to be several orders cf magnitude more efficient tha& 
antisense technologies or targeted ribozyme technologies kifhe down-regulation of gene 
expression (Elbashir et al y Nature, 411:428-429 (2001)). 

SUMMARY 

The invention provides isolated nucleic acids haviiagat least one strand with boih. 
sense and antisense sequencesthat are complementary to each other. The invention also 
provides isolated nucleic acid* having at least one strand is a template for both sense 
and antisense sequences thatace complementary to each csfcer. In each case, the isolated 
nucleic acids can be single- -csrdouble-stranded. Typicalities isolated nuclei: zzidz 
having at least one strand wi&both sense and antisense sciences that are 
complementary to each otheraiso contain one or more ci&^acting ribozyme sequences on 
the same strand containing thesense and antisense sequences. For example, a single- 
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stranded RNA molecule can contain a sense sequence followed by an antisense sequence 
followed by a cis-acting ribozyme sequence. Likewise, the isolated nucleic acids having 
at least one strand that is a template for both sense and antisense sequences can be 
configured such that the strand that is a template for the sense and acflisense sequences is 
also a template for one or more cis-acting ribozyme sequences. For example, a double- 
stranded DNA molecule can have one stand that is a template for synShesis of a single- 
stranded RNA molecule having a sense sequence followed by an antisense sequence 
followed by a cis-acting ribozyme sequence. 

In one embodiment, isolated nucleic acids can be designed tobave at least one 
strand with (1) sense and antisense sequences that are complementary to each other and 
(2) one or more cis-acting ribozyme sequences. The cis-acting ribazgpne sequences can 
be positioned anywhere along the strand. For example, a cis-acting ribozyme sequence 
can be positioned 3' of the sense and anflisense sequences. In this case, the cis-acting 
ribozyme sequence can be used to limit the number of nucleotides 3' of the sense and 
antisense sequences. In another example, cis-acting ribozyme sequences can be 
positioned 5' and 3' of the sense and antisense sequences as well aslhetween the sense and 
i-'az .i. sequences to form the following 5' tc 3' configuration: a fat cis-acting 
ribozyme sequence followed by a sense sequence followed by a second cis-acting 
ribozyme sequence followed by an aniisense sequence followed by a* third cis-acting 
ribozyme sequence. In this case, the cis-acting ribozyme sequences can be used to 
liberate the sense and antisense sequences, which can then form doiable-stranded RNA 
molecules capable of acting as siRNAsi 

In another embodiment, isolated nucleic acids can be designed to have at least one 
strand that is a template for (1) sense and antisense sequences that are complementary to 
each other and (2) one or more cis-acting ribozyme sequences. In fids embodiment, the 
isolated nucleic acids can be designed sach that the template strand is transcribed to form 
a single RNA molecule containing the sense and antisense sequences and the one or more 
cis-acting ribozyme sequences. The cis-acting ribozyme sequences can be positioned 
anywhere along the RNA molecule. Eos example, a cis-acting riba^fme sequence can be 
positioned 3' of the sense and antisense sequences. In this case, thecis-acting ribozyme 
sequence can be used to limit the number of nucleotides 3* of the se^e and antisense 
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sequences. In another example, cis-acting ribozyme sequences can be positioned 5' and 
3' of the sense and antisense sequences as well as between the sense and antisense 
sequences to form the following 5' to 3' configuration: a first cis-acting ribozyme 
sequence followed by a sense sequence followed by a second cis-acting ribozyme 
sequence followed by an antisense sequence followed by a third cis-acting ribozyme 
sequence. In this case, the cis-acting ribozyme sequences can be used to liberate the 
sense and antisense sequence, which can thenibrm double-stranded RNA molecules 
capable of acting as siRNAs. 

The isolated nucleic acids provided herein can be used to form RNAmolecules 
having the ability to induce RNA interference. For example, isolated nucleic acids with 
one strand containing sense, antisense, and cis-acting ribozyme sequences can form (1) 
double-stranded RNA and/or (2) single-stranded RNA upon cleavage by one or more cis- 
acting ribozyme sequences. Likewise, isolated nucleic acids having at least one strand 
that is a template for an RNA molecule containing sense, antisense, and cis-acting 
ribozyme sequences can form (1) double-stranded RNA and/or (2) single-stranded RNA 
upon cleavage of the RNA molecule by one or more cis-acting ribozyme sequences. In 
each case, the dorible-stranded RNA can result from the bonding interaction between the 
sense and antisense sequences. Typically, the double-stranded RNA is about 15-35 
nucleotides in length and functions as siRNAis&>lecules. The single-stranded RNA in 
each case can have zero, one, two, three, four, five, or more hairpin loop structures. In 
some embodiments, the single-stranded RNA cm have no more than one ha&pin loop 
structure. These hairpin loop structures can resalt from the bonding interaction between 
the sense and antisense sequences of the single-stranded RNA, Typically, As© stem 
portion of the hairpin loop structure is about 15-35 nucleotides in length and can induce 
RNA interference. In addition, the double- and single-stranded RNA can be 
enzymatically inactive (e.g., lack trans-acting ribozyme activity). For example, a single- 
stranded RNA haiing no more than one hairpin loop structure can lack trans-ccting 
ribozyme activity. 

In addition, the isolated nucleic acids provided herein can be designed such that 
the presence of RNAmolecules having the ability to induce RNA interference is 
controlled in a temporal, inducible, or tissue-specific maimer. For example, aDNA 
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molecule having one strand thai is a template for (1) sense aaad antisense sequences that 
are complementary to each other and (2) one or more cis-acfimg ribozyme sequences can 
be constructed to have a tissue-specific promoter that promotes transcription of the 
template strand in a particular call type. In this case, the isolated nucleic acid can be used 
to form RNA molecules containing the sense and antisense sequences and the one or more 
cis-acting ribozyme sequences m those particular cells. Ones the RNA molecules are 
formed, the cis-acting ribozyme sequences can cleave the RNA molecules, for example, 
to liberate the sense and antisense sequences from other nucleotide sequences of the 
originally transcribed RNAmafecules. For example, cis-ac&g ribozyme sequences can 
be positioned such that sequences flanking the sense sequence and sequences flanking the 
antisense sequence are removed. In this case, the RNA modules containing the sense 
sequence can bind to the RNA molecules containing the complementary antisense 
sequence to form siRNA molecules. 

Controlling the presence of RNA molecules having tie ability to induce RNA 
interference in a temporal, infccible, or tissue-specific maaner using promoter sequences 
can provide scientists with powerful tools for down-regulafing mRNAs at particular 
stages of development or in particular cell types. These tools have several advantages 
over transfecting cells with (1) double-stranded RNA and (2) DNA constructs lacking the 
ability to transcribe cis-actingiibozyme sequences. First, iK&ile transfected double- 
stranded RNA molecules canibcused as substrates for degradation by endonuclease 
RNase III to yield siRNA maSfacules, the RNA is labile and subject to degradation by a 
number of other nucleases, fia addition, the delivery of dosftle-stranded RNA molecules 
relies on the efficiency of transection of the double-stransfod RNA at a particular tissue m 
cell type. Second, the use of UNA constructs containing tissue-specific promoters that 
are promoters for RNA polymerase II can lead to transcription termination problems, 
resulting in lengthy RNA tnnncripts not suitable for subsequent siRNA generation. Usmg 
DNA constructs containing promoters for RNA polymerase XII (e.g., U2, HI, or U6 
promoters) can solve transcrijafion termination problems, however, promoters for RNA 
polymerase m typically do not control transcription in a tea^oral, inducible, or tissue- 
specific manner. Transcriptioiby RNA polymerase HI isiOHially ubiquitous. In addition, 
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RNA transcripts resulting from transcription by RNA polymerase m nfien remain 
nucleoplasmic. 

The invention also provides cells, viruses, and transgenic animals (e.g., transgenic 
non-human animals) containing one or more of the isolated nucleic aiMs provided herein 
as well as methods for using one or more of the isolated nucleic acids provided herein to 
reduce the level of an RNA (e.g., an mRNA) within a cell. For exangie, an isolated 
nucleic acid provided herein can be used to form RNA molecules harihg the ability to 
induce RNA interference in that they cm target an RNA sequence snx& as an mRNA from 
a virus, bacteria, fungus, parasite, plant, ot animal (e.g., a mammal sash as a human). 

Cells containing one or more of flie isolated nucleic acids prodded herein can be 
used to generate substantially pure preparations of the isolated nucleib acid. For example, 
E. colt cells containing an isolated nucfeic acid can be grown such ftat large amounts of 
the isolated nucleic acid are produced. la addition, cells containing fis isolated nucleic 
acids provided herein can provide scientists with tools for studying ^ae function. For 
example, mammalian cells can be designed to contain an isolated msfeic acid provided 
herein such that siRNA molecules targeting a mammalian mRNA ais formed within those 
cells. The phenotype of these resulting sells can be studied to deteraiie the particular 
function of the targeted mammalian mSNA. 

Viruses containing one or morecf the isolated nucleic acids provided herein can 
be used to deliver isolated nucleic acidsto cells. For example, neunan-specific viruses 
(e.g., herpes viruses) can be designed to contain an isolated nucleic^acid provided herein 
such that that isolated nucleic acid canlbe delivered to neuronal cells. The viruses can 
contain additional modifications. For ^sample, viruses can be desigred to infect specific 
cells or groups of cells not normally infected by those viruses. See,«ig., Fields Virology, 
3rd Edition (Fields, B., Knipe, D., andBowley, P, eds.), Lippincott Williams & Wilkins, 
New York, New York, 1996, pg. 186-191. In addition, viruses cante designed to lack 
virulence. For example, replication-ddfective viruses can be designe^to contain an 
isolated nucleic acid provided herein. 

Transgenic animals containing <oae or more of the isolated tuadeic acids provided 
herein can be used to make knockout animals. For example, an isolated nucleic acid 
provided herein can be introduced into&e genome of an animal sm&ffiat each cell of the 
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animal produces saRNA molecules that target a^articular mRNA, thereby reducing or 
eliminating the presence of that particular mRNA within cells. Using the isoMed nucleic 
acids provided herein to make knockout animals can avoid the need for homologous 
recombination. Rsr example, knockout animals can be produced using standard 
transgenic technology without a homologous recombination step since disruption of the 
endogenous targeted gene sequences is not neecbd. As described herein, the isolated 
nucleic acids can contain promoter sequences SKEch that RNA molecules having the ability 
to induce RNA interference are formed in specific cell types. Thus, transgenic animals 
can be produced ssseh that each cell of the animal contains the isolated nucleic acid but 
only specific cells transcribe the isolated nucleic acid. In this case, the specific cells can 
form RNA molecaales having the ability to indmce RNA interference, while cells other 
than those specific cells do not. 

In general* one aspect of the invention features an isolated nucleic add containing 
a strand that is a template for an RNA molecule that contains a sense nucleic acid 
sequence, an antisense nucleic acid sequence, sad a cis-acting ribozyme sequence. The 
sense nucleic acifl sequence is complementary to the antisense nucleic acid sequence, and 
the sense and anfense nucleic acid sequences 5rm double-stranded RNAnpon cleavage 
of the RNA molecule by the cis-acting ribozyme sequence. The antisense nocleic acid 
sequence can be complementary to a viral mE3KA sequence. The antisense nacleic acid 
sequence can be complementary to a mammalian mRNA sequence. The sense nucleic 
acid sequence canbe at least 15 nucleotides infength. The sense nucleic acid sequence 
can be from aboxft 15 to about 300 nucleotides*! length. The sense nucleicacid sequence 
can be from abcnft 15 to about 50 nucleotides 5a length. The sense nucleic and sequence 
can contain the sequence as set forth in SEQ BONO: 1, 2, 3, 4, 5, 6, 43, 44,45, 46, 47, 48, 
49, 50, 51, 52, 53, or 54. The cis-acting ribo2gane sequence can be 3' of the sense nucleic 
acid sequence ortfhe antisense nucleic acid sequence. The cis-acting ribozjpne sequence 
can be 3' of thesmse nucleic acid sequence asrfthe antisense nucleic acid sequence. The 
cis-acting ribozyme sequence is 5' of the sensemicleic acid sequence or the antisense 
nucleic acid sequence. The cis-acting ribozyme sequence can be 5* of the sense nucleic 
acid sequence aadthe antisense nucleic acid sequence. The cis-acting ribozyme sequence 
can be between fie sense nucleic acid sequence and the antisense nucleic acid sequence. 
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The nucleic acid can be double stranded or single stranded. The nucleic acid can be DNA 
orRNA. The nucleic acid can contain a restriction site. The nucleic acid can be a 
plasmid. The nucleic acid can contain a promoter sequence &at promotes transcription of 
the RNA molecule. The promoter sequence can be a tissue-specific promoter, cell- 

5 specific promoter, or pathogen-specific promoter. The promoter sequence can promote 
transcription by RNA polymerase n. The promoter sequence can promote transcription 
by RNA polymerase HL The promoter sequence can be an HI promoter sequence or a 
U6 promoter sequence. The promoter sequence can be a mouse albumin enhancer 
promoter sequence, a transferrin! promoter sequence, a protein promoter sequence, or a 

10 whey acidic protein promoter sequence. The promoter sequence can be a keratin 7 
promoter sequence, a keratin 13 promoter sequence, or a kscatin enhancer promoter 
sequence. The RNA molecule can be transcribed from the nucleic acid when the nucleic 
acid is within a cell. The cell ran be selected from the group consisting of kidney cells, 
skin cells (e.g., keratinocytes\ liver cells, neurons, musclecells, and lymphocytes. The 

15 strand can be a template for mare than one cis-acting ribozyme sequence. Each of the 
more than one cis-acting ribo^me sequence can be differeEt. One of the more than one 
cis-acting ribozyme sequence <can be 5' of the sense nucleic acid sequence and the 
antisense nucleic acid sequence Another of the more than one cis-acting ribozyme 
sequence can be 3' of the serae nucleic acid sequence and fee antisense nucleic acid 

20 sequence. The sense nucleic acid sequence and the antisense nucleic acid sequence can 
each be flanked by at least one of the more than one cis-acifing ribozyme sequence. The 
strand can be a template forflaree cis-acting ribozyme sequences. 

In another embodiment!, the invention features an isolated nucleic acid containing 
a strand that is a template foran RNA molecule that contains a sense nucleic acid 

25 sequence, an antisense nucleic acid sequence, and a cis-acdmg ribozyme sequence, where 
the sense nucleic acid sequence is complementary to the aitfisense nucleic acid sequence, 
where the sense and antisense nucleic acid sequences form a single-stranded RNA upon 
cleavage of the RNA molecnSeby the cis-acting ribozyme sequence, and where the 
single-stranded RNA contaimno more than one hairpin loop structure and lacks RNA 

30 cleaving activity. The cis-acfiag ribozyme sequence can be 3' of the sense nucleic acid 
sequence and the antisense Dcasleic acid sequence. The cis-acting ribozyme sequence can 
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be 5' of the sense nucleic acid sequence and the antisense nucleic aaA sequence. The 
nucleic acid can be double stranded or siagle stranded. The nucleic Bcrd can be DNA or 
RNA. The nucleic acid can contain a promoter sequence that promotes transcription of 
the RNA molecule. The nucleic acid can contain a restriction site. 3fte nucleic acid can 
be a plasmid. The nucleic acid can coMain a promoter sequence that promotes 
transcription of the RNA molecule. The promoter sequence can be afissue-specific 
promoter, cell-specific promoter, or pafhogen-specific promoter. Tte promoter sequence 
can promote transcription by RNA polymerase II. The promoter segnence can promote 
transcription by RNA polymerase EI, Hie promoter sequence can las an HI promoter 
sequence or a U6 promoter sequence. The promoter sequence can tea mouse albumin 
enhancer promoter sequence, a transferrin promoter sequence, a pn&asin promoter 
sequence, or a whey acidic protein promoter sequence. The promofax sequence can be a 
keratin 7 promoter sequence, a keratin 13 promoter sequence, or ataratin enhancer 
promoter sequence. The RNA molecule can be transcribed from tbeancleic acid when 
the nucleic acid is within a cell. The odl can be selected from the gnup consisting of 
kidney cells, skin cells (e.g., keratinoeytes), liver cells, neurons, mmerle cells, and 
lymphocytes. The strand can be a template for more than one cis-asfng ribozyme 
sequence. Each of the more than one as-acting ribozyme sequencexan be different. One 
of the more than one cis-acting ribozymte sequence can be 5' of thessnse nucleic acid 
sequence and the antisense nucleic acid sequence, and another of ttemore than one cis- 
acting ribozyme sequence can be 3' of the sense nucleic acid sequease and the antisense 
nucleic acid sequence. i 

Another embodiment of the inweation features an isolated ansieic acid containing 
an RNA strand that contains a sense nucleic acid sequence, an antiseose nucleic acid 
sequence, and a cis-acting ribozyme sequence, where the sense nudiric acid sequence is 
complementary to the antisense nucleac acid sequence, and where to sense and antisense 
nucleic acid sequences form double-sfaanded RNA upon cleavage *£the RNA strand by 
the cis-acting ribozyme sequence. Tbs nucleic acid can be single sfcanded. The RNA 
strand can contain more than one cis-acting ribozyme sequence. Bash of the more than 
one cis-acting ribozyme sequence canlie different. The sense nudsas acid sequence and 
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the antisense nucleic acid sequence can each be flanked by at least one of the more than 
one cis-acting ribozyme sequence. 

Another embodiment of the invention features an isolated nucleic acid containing 
an RNA strand thaJ contains a sense nucleic acM sequence, an antisense nuchas acid 
sequence, and a cis-acting ribozyme sequence, where the sense nucleic acid sequence is 
complementary to die antisense nucleic acid sequence, where the sense and atiisense 
nucleic acid sequences form a single-stranded RNA upon cleavage of the RNA strand by 
the cis-acting ribrazyme sequence, and where 1te single-stranded RNA contafens no more 
than one hairpin loop structure and lacks RNAdfeaving activity. The nucleic acid can be 
single stranded. Hie RNA strand can contain nasre than one cis-acting ribozfnie 
sequence. Each off the more than one cis-acting ribozyme sequence can be different. One 
of the more mammae cis-acting ribozyme sequence can be 5' of the sense nudleic acid 
sequence and the antisense nucleic acid sequence, and another of the more tan one cis- 
acting ribozyme sequence can be 3' of the sensenucleic acid sequence and fe antisense 
nucleic acid sequence. 

Another embodiment of the invention "features a composition containing a 
pharmaceutical^ acceptable carrier and an isohfed nucleic acid selected from the group 
consisting of: (a) isolated nucleic acids containing a strand that is a templatefor an RNA 
molecule that confiains a sense nucleic acid sequence, an antisense nucleic acsd sequence, 
and a cis-acting r&ozyme sequence, where the sense nucleic acid sequence is 
complementary to the antisense nucleic acid sequence, and where the sense and antisense 
nucleic acid seqtKBces form double-stranded SNA upon cleavage of the RNA molecule 
by the cis-acting a&ozyme sequence, (b) isolate! nucleic acids containing as&and that is 
a template for anSlNA molecule that contains asense nucleic acid sequence, an antisense 
nucleic acid sequence, and a cis-acting ribozyme sequence, where the sensewicleic acid 
sequence is comffanentary to the antisense nadeic acid sequence, where theaense and 
antisense nucleic acid sequences form a single^randed RNA upon eleavageof the RNA 
molecule by the as-acting ribozyme sequence, and where the single-strandeiJRNA 
contains no more than one hairpin loop structnaB and lacks RNA cleaving axftrity, (c) 
isolated nucleic asids containing an RNA strand that contains a sense nucleicacid 
sequence, an anfissnse nucleic acid sequence, aid a cis-acting ribozyme seqaence, where 
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the sense nucleic acid sequence is complementary to the arftisense nucleic acid sequence, 
and where the sense and antiseaise nucleic acid sequences fcm double-stranded RNA 
upon cleavage of the RNA strand by the cis-acting ribozyme sequence, and (d) isolated 
nucleic acids containing an RNA strand that contains a sense nucleic acid sequence, an 
5 antisense nucleic acid sequence, and a cis-acting ribozyme ssquence, where the sense 

nucleic acid sequence is complementary to the antisense nudeic acid sequence, where the 
sense and antisense nucleic acid sequences form a single-stranded RNA upon cleavage of 
the RNA strand by the cis-acting ribozyme sequence, andirtiere the single-stranded RNA 
contains no more than one haaipin loop structure and lacks SNA cleaving activity. 

10 In another aspect, the invention features an isolated cell containing an isolated 

nucleic acid selected from the group consisting of: (a) isolted nucleic acids containing a 
strand that is a template for an RNA molecule that contains a sense nucleic acid sequence* 
an antisense nucleic acid sequence, and a cis-acting ribozyme sequence, where the sense 
nucleic acid sequence is complementary to the antisense imdeic acid sequence, and 

15 where the sense and antisense nucleic acid sequences form double-stranded RNA upon 
cleavage of the RNA molecule by the cis-acting ribozyme sequence, (b) isolated nucleic 
acids containing a strand thai 5s a template for an RNA molecule that contains a sense 
nucleic acid sequence, an antisense nucleic acid sequence, and a cis-acting ribozyme 
sequence, where the sense nadeic acid sequence is complementary to the antisense 

20 nucleic acid sequence, where Ihe sense and antisense nuclei: acid sequences form a 
single-stranded RNA upon cfcavage of the RNA molecule hy the cis-acting ribozyme 
sequence, and where the singje-stranded RNA contains no more than one hairpin loop 
structure and lacks RNA cleaning activity, (c) isolated nudieic acids containing an RNA 
strand that contains a sense nucleic acid sequence, an antisease nucleic acid sequence, 

25 and a cis-acting ribozyme sequence, where the sense nucleic acid sequence is 

complementary to the antisease nucleic acid sequence, and where the sense and antisense 
nucleic acid sequences form double-stranded RNA upon cleavage of the RNA strand by 
the cis-acting ribozyme sequence, and (d) isolated nucleic adds containing an RNA 
strand that contains a sense mcleic acid sequence, an antisense nucleic acid sequence, 

30 and a cis-acting ribozyme seqeence, where the sense nuclsic acid sequence is 

complementary to the antisease nucleic acid sequence, whace the sense and antisense 
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nucleic acid sequences form a single-stranded RNA upon cleavage ©f the RNA strand by 
the cis-acting ribozyme sequence, and where the single-stranded RNA contains no more 
than one hairpin loop structure and lacks RNA cleaving activity. 

Another aspect of the invention features a virus containing aa isolated nucleic acid 
selected from the group consisting of: (a) isolated nucleic acids ccsniaining a strand that is 
a template for an RNA molecule that contains a sense nucleic acid sequence, an antisense 
nucleic acid sequence, and a cis-acting ribozyme sequence, where tfie sense nucleic acid 
sequence is complementary to the antisense nucleic acid sequence, and where the sense 
and antisense nucleic acid sequences form double-stranded RNA iipon cleavage of the 
RNA molecule by the cis-acting ribozyme sequence, (b) isolated nucleic acids containing 
a strand that is a template for an RNA molecule that contains a sense nucleic acid 
sequence, an antisense nucleic acid sequence, and a cis-acting ribozyme sequence, where 
the sense nucleic acid sequence is con^lementary to the antisense MLcleic acid sequence, 
where the sense and antisense nucleic acid sequences form a single-stranded RNA upon 
cleavage of the RNA molecule by the cis-acting ribozyme sequence, and where the 
single-stranded RNA contains no more than one hairpin loop struc&are and lacks RNA 
cleaving activity, (c) isolated nucleic acids containing an RNA strand that contains a 
sense nucleic acid sequence, an antisease nucleic acid sequence, and a cis-acting 
ribozyme sequence, where the sense nucleic acid sequence is comjsitementary to the 
antisense nucleic acid sequence, and where the sense and antisense nucleic acid 
sequences form double-stranded RNA upon cleavage of the RNA stand by the cis-acting 
ribozyme sequence, and (d) isolated nucleic acids containing an RJtA strand that contains 
a sense nucleic acid sequence, an antisense nucleic acid sequence, md a cis-acting 
ribozyme sequence, where the sense uncleic acid sequence is complementary to the 
antisense nucleic acid sequence, where the sense and antisense nudeic acid sequences 
form a single-stranded RNA upon cleavage of the RNA strand by Ae cis-acting ribozyme 
sequence, and where the single-straiaAed RNA contains no more ftan one hairpin loop 
structure and lacks RNA cleaving actinty. The virus can be a retorirus, adenovirus, 
herpes virus, adeno-associated viruse; lentivirus, baculovirus, cauliflower mosaic virus, 
tobacco mosaic virus, togavirus, poliorirus, cytomegalovirus, Paramyxovirus, Epstein- 
Barr virus, human papillomavirus, or hepatitis C virus. 
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Another aspect of the invention features a nonhuman transgenic animal, where the 
genome of the nonhuman transgenic animal contains a nucleic acid sequence, present on 
one strand, that is a template for an RNA molecule that contains: (a) a sense imcleic acid 
sequence, an antisense nucleic acid sequence, and a cis-acting ribozyme sequence, where 

5 the sense nucleic acid sequence is complementary to the antisense nucleic arid sequence, 
and where the sense and antisense nucleic acid sequences form double-stranflsd RNA 
upon cleavage of the RNA molecule by the cis-acting ribozyme sequence, ar(b) a sense 
nucleic acid sequence, an antisense nucleic acid sequence, and a cis-acting ribozyme 
sequence, where fee sense nucleic acid sequence is complementary to the an&ense 

10 nucleic acid sequence, where the sense and antisense nucleic acid sequences fenn a 
single-stranded RNA upon cleavage of the RNA molecule by the cis-actingmbozyme 
sequence, and where the single-stranded RNA contains no more than one haigpin loop 
structure and lacks RNA cleaving activity. The nonhuman transgenic anirmican be a 
mouse. 

1 5 Another aspect of the invention features a method of identifying sequences 

capable of inducing RNA interference against a target mRNA, the method including: (a) 
introducing a vector preparation into cells, where each vector of the vector preparation 
contains: (1) a taiget nucleic acid sequence, wifaere the target nucleic acid seagxence is a 
template for the target mRNA; (2) a reporter nucleic acid sequence, whereto reporter 

20 nucleic acid sequence encodes a polypeptide, and where the target nucleic acid sequence 
and the reporter nucleic acid sequence are transcribed as a single fusion mRSHA; and (3) a 
promoter sequence region, where the promoter sequence region contains: ©a member of 
a plurality of test nucleic acid sequences, and@) two promoter sequences isjperably linked 
to the member in an arrangement that promotes transcription of both strands ©f the 

25 member; (b) identifying at least one cell lacking the polypeptide; and (c) obtaining the 
sequence of the member from the cell identified in step (b), thereby identifying the 
sequence as being capable of inducing RNA iarterference against the targetmRNA. The 
polypeptide can be a fluorescent polypeptide arcan be lethal to the cell. 

Another aspect of the invention features a method for reducing the toiel of an 

30 mRNA in a cell, the method including introducing an isolated nucleic acidirib the cell, 
where the isolated nucleic acid is selected from the group consisting of: (^isolated 
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nucleic acids containing a straid that is a template for anTQSA molecule that contains a 
sense nucleic acid sequence, aa antisense nucleic acid sequence, and a cis-acting 
ribozyme sequence, where the sense nucleic acid sequence fc complementary to the 
antisense nucleic acid sequence, and where the sense andartisense nucleic acid 
sequences form double-stranded RNA upon cleavage office RNA molecule by the cis- 
acting ribozyme sequence, (b) isolated nucleic acids containing a strand that is a template 
for an RNA molecule that contains a sense nucleic acid seprence, an antisense nucleic 
acid sequence, and a cis-acting ribozyme sequence, where fee sense nucleic acid sequence 
is complementary to the antisaise nucleic acid sequence, w&ere the sense and antisense 
nucleic acid sequences form a single-stranded RNA uponiieavage of the RNA molecule 
by the cis-acting ribozyme sequence, and where the single-branded RNA contains no 
more than one hairpin loop sliucture and lacks RNA cleaving activity, (c) isolated nucleic 
acids containing an RNA strand that contains a sense nucifeajG acid sequence, an antisense 
nucleic acid sequence, and ads-acting ribozyme sequence^ where the sense nucleic acid 
sequence is complementary to the antisense nucleic acid sequence, and where the sense 
and antisense nucleic acid sequences form double-stranded RNA upon cleavage of the 
RNA strand by the cis-acting ribozyme sequence, and (d) Elated nucleic acids 
containing an RNA strand that contains a sense nucleic acM sequence, an antisense 
nucleic acid sequence, and ads-acting ribozyme sequence where the sense nucleic add 
sequence is complementary to the antisense nucleic acid sequence, where the sense and 
antisense nucleic acid sequeoces form a single-stranded BMA upon cleavage of the RNA 
strand by the cis-acting ribozyme sequence, and where tte single-stranded RNA contains 
no more than one hairpin loq? structure and lacks RNAdfeaving activity, 
where the presence of the isolated nucleic acid within the«cell reduces the level of the 
mRNA in the cell. 

Another aspect of the invention features a mixture containing at least two isolated 
nucleic acids, where one of fee at least two isolated nuclefe acids contains a strand that is 
a template for an RNA molecule containing a sense nuckaeacid sequence and a first cis- 
acting ribozyme sequence, wbere another of the at least tm isolated nucleic acids 
contains a strand that is a tecaplate for an RNA molecule santaining an antisense nucleic 
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acid sequence and a second cis-actingribozyme sequence, and wheae the sense nucleic 
acid sequence is complementary to the antisense nucleic acid sequence. 

Another aspect of the invention features an isolated nucleic acid containing: (a) a 
target nucleic acid sequence, wherein de target nucleic acid sequence is a template for 
target mRNA, and (b) a promoter sequence region, wherein the promoter sequence region 
contains (i) a nucleic acid sequence and (ii) two promoter sequences operably linked to 
the nucleic acid sequence in an arrangement that promotes transci%rtion of both strands of 
the nucleic acid sequence, wherein the nucleic acid sequence contains a sequence present 
in the target nucleic acid sequence, and wherein transcription, withna a cell, of the target 
nucleic acid sequence and both strands of the nucleic acid sequence is capable of inducing 
RNA interference against the target mRNA. The target nucleic asM sequence can be a 
viral sequence. The target nucleic acid sequence can be an HPV sequence or an HBV 
sequence. One of the two promoter sequences can be a U6 promoter sequence or an HI 
promoter sequence. The two promoter sequences can be the same or different. The two 
promoter sequences can be separatedby no more than 200 base pans, no more than 100 
base pairs, or no more than 50 base pairs. The promoter sequenceiegion can contain 
more than two promoter sequences (eg., three, four, five, six, sevss^ or more promoter 
sequences). The sequence present inflie target nucleic acid sequence can be between 15 
and 50 nucleotides in length. The sespence present in the target mcleic acid sequence 
can be between 18 and 25 nucleotides in length. The isolated nurffcic acid can contain a 
reporter nucleic acid sequence, wherein the reporter nucleic acid sequence encodes a 
polypeptide, and wherein the target mncleic acid sequence and theseporter nucleic acid 
sequence are transcribed as a single feion mRNA. The polypepfiie can be a fluorescent 
polypeptide. The polypeptide can be a green fluorescent polypeptide (e.g., GFP). 

Another aspect of the invention features a nucleic acid library containing isolated 
nucleic acids, wherein each isolated nucleic acid contains: (a) a taaget nucleic acid 
sequence, wherein the target nucleic acid sequence is a template Sm. target mRNA, and 
(b) a promoter sequence region, wherein the promoter sequence region contains (i) a 
nucleic acid sequence and (ii) two promoter sequences operably Baked to the nucleic acid 
sequence in an arrangement that promotes transcription of both stands of the nucleic acid 
sequence, wherein the nucleic acid sequence is different for eachikjlated nucleic acid, 
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wherein the nucleic acid sequence of at least <sae of the isolated nucleic acids contains a 
sequence present in the target nucleic acid sequence, and wherein transcription, within a 
cell, of the target nucleic acid sequence and b©& strands of the nucleic acid sequence of 
at least one of the isolated nucleic acids is capab le of inducing RNA interference against 
the target mRNA. The target nucleic acid sequence can be a viral sequenca The target 
nucleic acid seqasnce can be an HP V sequence or an HB V sequence. One ©f the two 
promoter sequences can be a U6 promoter sequence or an HI promoter sequence. The 
two promoter sequences can be the same or different. The two promoter sequences can 
be separated by m> more than 200 base pairs, aao more than 100 base pairs, ot no more 
than 50 base pairs. The promoter sequence region can contain more than two promoter 
sequences. The sequence present in the targeS nucleic acid sequence can b© between 15 
and 50 nucleotides in length. The sequence present in the target nucleic acid sequence 
can be between 18 and 25 nucleotides in lengfti. The isolated nucleic acid can contain a 
reporter nucleic acid sequence, wherein the r^orter nucleic acid sequence encodes a 
polypeptide, and wherein the target nucleic acid sequence and the reporter nucleic acid 
sequence are transcribed as a single fusion mSNA. The polypeptide can 1» a fluorescent 
polypeptide. Ths polypeptide can be a green fluorescent polypeptide (e.g^GFP). 

Another aspect of the invention features an isolated nucleic acid containing: (a) a 
target nucleic add sequence, wherein the tai^t nucleic acid sequence is a template for 
target mRNA, and (b) a promoter sequence region, wherein the promoter sequence region 
contains a promoter sequence operably linked to a nucleic acid sequence, wherein one 
strand of the nodeic acid sequence is a temptote for a sense nucleic acid sequence and an 
antisense nucleic acid sequence, wherein the sense nucleic acid sequence as 
complementary to the antisense nucleic acid sequence, wherein the sense micleic acid 
sequence contain a sequence present in the target mRNA, and wherein transcription, 
within a cell, of flie target nucleic acid sequence and at least one strand of Ae nucleic acid 
sequence is capable of inducing RNA interfcence against the target mRNA. The target 
nucleic acid seqaence can be a viral sequence. The target nucleic acid sequence can be an 
HPV sequence or an HBV sequence. The promoter sequence can be a U6iiromoter 
sequence or aaHl promoter sequence. Thefaomoter sequence region can contain two 
promoter sequeaaces operably linked to the nadeic acid sequence in an anaagement that 
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promotes transcription of both strands of the nucleic acid sequence. The two promsfcer 
sequences can be the sains or different. The two promoter sequences can be separaSad by 
no more than 200 base pairs, no more than 100 base pairs, or no more than 50 basejairs. 
The promoter sequence segion can contain more than two promoter sequences. The 
sequence present in the target nucleic acid sequence can be between 15 and 50 
nucleotides in length. Tie sequence present in the target nucleic acid sequence can&e 
between 18 and 25 nucleotides in length. The transcription product from at least are 
strand of the nucleic acM sequence can be capable of forming a hairpin loop structee. At 
least a portion of the stem portion of the hairpin loop structure can be formed by the sense 
nucleic acid sequence ani the antisense nucleic acid sequence. The isolated nucleasacid 
can contain a reporter sncleic acid sequence, wherein the reporter nucleic acid seqisnee 
encodes a polypeptide, and wherein the target nucleic acid sequence and the reporter 
nucleic acid sequence as transcribed as a single fusion mRNA. The polypeptide can be a 
fluorescent polypeptide. The polypeptide can be a green fluorescent polypeptide. 

Another aspect rf the invention features a nucleic acid library containing isriated 
nucleic acids, wherein jach isolated nucleic acid contains a promoter sequence opezably 
linked to a nucleic aciflssquence, wherein one strand of the nucleic acid sequence is a 
template for a sense nurfeic acid sequence and an antisense nucleic acid sequence 
wherein the sense nuchas acid sequence is complementary to the antisense nucleicacid 
sequence, wherein the sense nucleic acid sequence is different for each isolated nrnieic 
acid, and wherein transcription, within a cell, of a target nucleic acid sequence anclat least 
one strand of the nuclease acid sequence of at least one of the isolated nucleic acidsis 
capable of inducing JZtSA interference against a target mRNA, the target nucleic arid 
sequence being a template for the target mRNA. Earih isolated nucleic acid can coMain 
the target nucleic acid sequence. The sense nucleic acid sequence of at least one efffhe 
isolated nucleic acids cm contain a sequence present in the target mRNA. The taqgst 
nucleic acid sequenceran be a viral sequence. The target nucleic acid sequence cm be an 
HPV sequence or an HBV sequence. The promoter sequence can be a U6 promoter 
sequence or an HI promoter sequence. The isolated mcleic acids can contain two 
promoter sequences opoably linked to the nucleic arad sequence in an arrangemesitfhat 
promotes transcriptionef both strands of the nucleicacid sequence. The two proraater 
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sequences can be the same or different. The two promoter seqomces can be separated by 
no more than 200 base pairs, no more than 100 base pairs, or noinore than 50 base pairs. 
The isolated nucleic acids can contain more than two promoter sequences. The sequence 
present in the target nucleic acid sequence can be between 15 snd 50 nucleotides in 
length. The sequence present in the target nucleic acid sequence can be between 18 and 
25 nucleotides in length. The isolated nucleic acids can contaim a reporter nucleic acid 
sequence, wherein the reporter nucleic acid sequence encodes a polypeptide, and wherein 
the target nucleic acid sequence and the reporter nucleic acid sapience are transcribed as 
a single fusion mKNA. The polypeptide can be a fluorescent palypeptide. The 
polypeptide can be a green fluorescent polypeptide (e.g., GFP). 

Another aspect of the invention features a method foraiaking a library containing 
isolated nucleic acids, wherein each isolated nucleic acid contains a nucleic acid 
sequence, wherein one strand of flie nucleic acid sequence isatemplate for a sense 
nucleic acid sequence and an antisense nucleic acid sequence, wherein the sense nucleic 
acid sequence is complementary to the antisense nucleic acid sequence, wherein the sense 
nucleic acid sequence is different for each isolated nucleic acM, wherein transcription, 
within a cell, of a target nucleic acid sequence and at least or.vtxtrA of the nucleic acid 
sequence of at least one of the isolated nucleic acids is cap able of inducing RNA 
interference against a target mRJJA, and wherein the target nucleic acid sequence is a 
template for the target mRNA, the method including: (a) obtaomig a nucleic acid 
collection containing nucleic acid molecules, wherein one stood of each nucleic acid 
molecule contains the sense nucleic acid sequence or the antismse nucleic acid sequence, 
wherein the sense nucleic acid sequence or the antisense nuclsfc acid sequence is 
different for each nucleic acid molecule, wherein the one strani of each nucleic acid 
molecule contains a first sequence and a second sequence, wherein the first sequence is 
complementary to the second sequence, and wherein the first and second sequences are 
located 3' of the sense nucleic arid sequence or the antisensemcleic acid sequence of 
each nucleic acid molecule, and{fr) amplifying the nucleic add collection in an 
amplification reaction under conditions wherein the 3' end of each nucleic acid molecule 
is extended using a portion of the 5 * end of each nucleic acid Molecule as a template to 
form an extended nucleic acid collection containing extendedmicleic acid molecules, 
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wherein the amplification reaction amplifies the extended nucleic acid molecules, 
wherein one sfrand of each extended nucleic acid molecule contains theisnse nucleic 
acid sequence and the antisense nucleic acid sequence, and wherein theestended nucleic 
acid collection is the library. The method cam include removing a porticaaof the sequence 
located between the sense nucleic acid sequence and the antisense nucleic acid sequence 
of each extended nucleic acid molecule. After the removing step, the seise nucleic acid 
sequence awl the antisense nucleic acid sequence of each extended nucJdc acid molecule 
can be separated by 4 to 20 nucleotides. The method can include inserfcg each extended 
nucleic acid molecule into an expression vector. 

Unless otherwise defined, all technical and scientific terms usedferein have the 
same meaning as commonly understood by one of ordinary skill in the art to which this 
invention pertains. Although methods andmaterials similar or equivalent to those 
described herein can be used in the practical or testing of the present invmtion, suitable 
methods andmaterials are described below. All publications, patent apjfications, patents, 
and other references mentioned herein are incorporated by reference inUfceir entirety. In 
case of conf&t, the present specification, including definitions, will coafcol. In addition, 
the materials, methods, and examples are ilustrative only and not intended to be limiting. 

Other features and advantages of the invention will be apparent fern the 
following derailed description, and from fins claims. 

DESCRIPTION OF DRAWINGS 
Figure 1 is a schematic diagram of a single-stranded RNA moteaile that can be 
transcribed ffiom pi CLIPs/HPV16c + 50-68^. The sense sequence is S°- 
CCAGAAAGUUACCACAGUU-3' (SEQID NO: 1, aHPV16 50 -68seqamce) and is 
positioned between two cis-acting ribozyme cleavage sites designated Si and S2. This 
sense sequence is from the HPV sequence set forth in GenBank Accession No. gi333031. 
The sense sequence can be designed to caerespond to HPV sequences fern other HPV 
strains such as the Hershey strain. For example, the sense sequence cases 5'- 
CCGGAAAGUUA-CCACAGUU-3' (SEQID NO: 2, aHPV16 50 -68(H)«quence). Such 
sense sequences can be from the HPV segnences set forth in GenBankikcession Nos. 
gi3377787, 2196720, 1098775, and 1098:731. 



18 



WO 2005/017127 



7US2004/0»5400 



Figure 2 is a schematic diagram of a single-siianded RNA molecule that caa be 
transcribed fromplCU3 , As/HPV16 c+ 6s-50 + GUU- The antisense sequence is 5'-AAODGU- 
GGU AACUUUCUGG-3 ' (SEQ ID NO: 3, the HPVMes-so sequence) and is posidcmed 
between tvvo cis-actinguibozyme cleavage sites desigiated SI and S2. This antissnse 
sequence is from theEPV sequence set forth in GeriBank Accession No. gi333031. The 
antisense sequence can&e designed to correspond toHPV sequences from other JHPV 
strains such as the Hashey strain. For example, theantisense sequence can be 5'- 
AACUGU-GGUAACOUUCCGG -3' (SEQ ID NO: 4, a HPV16 68 -50(H) sequence}. Such 
antisense sequences cache from the HPV sequences set forth in GenBank Accesskm Nos. 
gi3377787, 2196720,1898775, and 1098731. 

Figure 3 is a sdtematic diagram of a single^randed RNA molecule that caa be 
transcribed from plOJPs/HPV1657-77+uu. The seme sequence is 5'-GUUACCA- 
CAGUUAUGCACAGA-3' (SEQ ID NO: 5, the HPVI657-77 sequence) and is posifioned 
between two cis-actirsribozyme cleavage sites deviated SI and S2. 

Figure 4 is a ss&ematic diagram of a single-fliranded RNA molecule that an be 
transcribed from PIC5JEWHPVI677-57+UU. The seme sequence is 5'-UCUGU- 
GCAUAACUGUGGOAAC-3' (SEQ ID NO: 6, thsHPV167 7 -57 sequence) and is 
positioned between tvw cis-acting ribozyme cleava^ sites designated SI and S2. 

Figure 5 is anfrematic diagram of a single-handed RNA molecule that cm be 

transcribed from p2<2UPs/HPV16c+50^8+GUU- 

Figure 6 is a sdiematic diagram of a single-siranded RNA molecule that can be 

transcribed from p2CTJPas/HPV16 c +68-50+guu- 

Figure 7 is asfcematic diagram of a singhwsfranded RNA molecule that cam be 
transcribed from P 1OK)Ps/HPV16c + 50-68+guu. Thesense sequence is positioned between 
two cis-acting ribozyxae cleavage sites designated SI and S2. 

Figure 8 is asAematic diagram of a singloalranded RNA molecule that on be 
transcribed from pi CHOP as/HP V16 c +68-50-K3uu. Ha antisense sequence is posifinaed 
between two cis-actiiyribozyme cleavage sites de^gnated SI and S2. 

Figure 9 is a sAematic diagram of a single^randed RNA molecule thatcaa be 
transcribed from p2CfflDPs/HPV16 c +50-68+Guu- Thesense sequence is positionefllietween 
two cis-acting ribozyne cleavage sites designated Si and S2. 
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Figure 10 is a schematieiiagram of a singte-strandedMNA molecule that can be 
transcribed from p2CHOP AS ^P¥16c + 68. S o + GUu. The antisense sequence is positioned 
between two cis-acting ribozymseleavage sites designated SI and S2. 

Figure 1 1 is a schemauxdiagram of an RNA transcribe from a pSIR cassette 
containing any two (or more) aJSie following cassettes withme containing a sense 
sequence and another containing^ antisense sequence: (1) plCLIP, (2) P 2CLIP, (3) 
plCHOP, and (4) p2CHOP. Tfe four inverted-U symbols represent loop structures, while 
the four bulged hairpin loop statures represent cis-acting iStozymes. SI, S2, S3, and S4 
identify cis-acting ribozyme clewage sites. 

Figure 12 is a listing ofcfe sense and antisense sequences that can be self 
liberated from an RNAmoleci& transcribed from a pSIR cassette containing pi CLIP, 
plCHOP, or a combination offlCLIP and plCHOP cassettes. 

Figure 13 is a listing of&e sense and antisense sequences that can be self 
liberated from an RNA molecife transcribed from a pSIR cassette containing p2CLH> 
P 2CHOP, or a combination of^CLIP and p2CHOP cassettes. 

Figure 14 is a schemaffcdiagram of an RNA molecule with three cis-acting 
ribozyme sequences. This RN&molecule can be transcribed from a P 2CLIPhr cassette 
such as P2CLIPHR/HPV1647-6* SI, S2, and S3 identify cis-arfng ribozyme cleavage 
sites. 

Figure 15 is a schemafediagram of an RNA molecule with three cis-acting 
ribozyme sequences. This RNamolecule can be transcribed from a p2CHOP„ R cassette 
such as P2CHOPHR/HPV16474* SI, S2, and S3 identify cis-acting ribozyme cleavage 
sites. 

Figure 16 is a listing offcee sets of sense and antisease RNA sequences that can 
be transcribed from inserts -ptad into plCLIP, P 2CLIP, plCHOP, or P 2CHOP cassettes 
to form pICLIPhr, P 2CLn>Ha,!#lCH0PHR, or P 2CHOP H r casettes. 

Figure 17 is a schema&diagram of anRNAmolecxfcthatis transcribed from a 
pSNIP cassette. The inverted9?symbols represent loop structores, while the bulged 
hairpin loop structures repress* cis-acting ribozymes. SI, B. S3, S4, S5. and S6 identic 
cis-acting ribozyme cleavagesfes. A pSNIP cassette can ca^in any two or more of the 
following cassettes: (1) plCEHbR, (2) P 2CLIPhr, (3) P 1CHGP„r, and (4) P 2CHOP H r. 
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Figure 18 is a schematic diagram of a single-stranded RNA mcEecule that can be 
transcribed from p2CLIPhp/HPV16c+50-68+guu. The sequence of the loqp portion of the 
hairpin loop is 5'-GUUCAAGACCC-3' (SEQ ID NO: 7) and is locatedbetween the HPV 
sense and antisense sequences that form the stem portion. 

Figure 19 is a listing of three sets of sense and antisense RNA sequences that can 
be transcribed from inserts placed into pi CLIP, p2CLIP, pi CHOP, or pSCHOP cassettes 
to form pICLIPrp, p2CLIPhp, plCHOP HP> or p2CHOPhp cassettes. 

Figure 20 is a schematic diagram of an in vivo selection process While the figure 
shows a U6 promoter and an HI promoter, both promoters can be U6fE5>moters. The 
inserts can be from any source. For example, the inserts can be the inserts obtained from 
the in vitro selection process depicted in Figure 21 . The RNA-procesfcig enzyme DICER 
and the RNA-Induced Silencing Complex (RISC) can be present endegenously within 
Flp-In 293 cells. 

Figure 21 is a schematic diagram of an in vitro selection proces. 
Figure 22 is a bar graph plotting the relative level of HP VI 6 mlNA in cells 
containing the following nucleic acid. Column 1: cells containing plCUP H p/HPV16c+50- 
68+guu; column 2: cells containing p SIR (pICLffs/HPViec+so-es+GUusri 
P1CLIPas/HPV16c+68-504Ouu); column 3: cells containing plCLff s /HPV16 c +5o-68+ouu; 
column 4: cells containing p2CLIP H R/HPV16 4 7-68; column 5: cells con&ining 
p2CHOPhr/HPV16 47 -68; column 6: cells containing pSIR (plCLff s /HFV16 5 7.77+guu and 
PICLIPAS/HPVI677-57+GUU); 311(1 column 7: control cells. 

Figure 23 contains two bar graphs. The top bar graph plots thecelative level of 
HPV1 6 mRNA in cells containing the following nucleic acid. In eac&ease, target mRNA 
expression was under the control of a CMV promoter sequence. Cohnan 1 : cells 
containing plCL!Ps/HPV16c+5o^8(H)+Guu; Column 2: cells containing 
plCLIPAs/HPV16c+68-50(H)K}Uu; Column 3: cells containing pSER (pl<3LIPs/HPV16c+5o- 
68(H)+guu and p1CLIPas/HPV16c+68.50(h>khju); Column 4: cells contaanmg 
p1CLIPhp/HPV16c+50-68(H)+<jUu; Column 5: cells containing pSIR (p!CLIPh?/H?V16c+5o- 
68(h>k3Uu andplCLIPHp/HPV16c+5o-68(H)4<Rju); Column 6: cells contaiamg 
P2CLIPhp/HPV16c+50-68(h>k3uu; Column 7: cells containing p2CHOJWHPV16 c +50- 
68(H)+guu; Column 8: cells containing pSNDOP (p2CLIPhp/HPV16c+5(>^p>K5UU and 
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p2CHOP H p/HPV16 c «o-68(H)+GUu); Column 9: cells containing p2CLrP H R/HPVl&, 7 ^8; 
Column 10: cells containing p2CHOP H r/HPV1 647-43; Column 11: cells containing pSNIP 
(p2CLIPhr/HP VI 647-48 and p2CHOPhr/HPV16 4 7^»); and Column 12: control cdls. The 
bottom bar graph plote the relative level of HP V 16 mRNA in cells containing Ads 
following nucleic acid. In each case, target mRNA expression was under the control of a 
U6 promoter sequence. Column 1: cells containijagplCLIPs/HPV16c+50-68(H>«3i!w; 
Column 2: cells containing p1CLIPas/HPV16c-hb-50(H)+guu; Column 3: cells containing 
pSIR (plCLIPs/HPV16c+50-68(H)+Guu and plCLIPWHPV16c^8-50(H>K}uu); Column 4: 
cells containmgplCIIPHp/HPV16c+50-68(H)+Guu; Column 5: cells containing pS2& 
(plCLrPHp/HPV16c»a)-68{H>K3uu and p1CLEPhp/HFV16 c+ 5o-68(h>k3Uu); Column & cells 
containing p2CLHWHPVl 647-68; Column 7: cells containing p2CHOP H R/HPV1647-68; 
Column 8: cells coiitaining pSNIP (p2CLIPhr/HPV1647-68 and p2CHOP H r/HPV1 647-68); 
Column 9: cells containing a cassette that liberates trans-acting ribozymes targEfling the 
HP VI 650-68 region; .and Column 10: control cells. 

Figure 24 is a schematic diagram of an in vitro selection process that can be used 
to obtain an enriched pool of sequences that interact with a target mKNA. 

Figure 25 isa schematic diagram of a cloning process that czj. be uc^d is ob tain z. 
library of hairpin loop sequences. Each strand of Ihe final double-stranded profcict can 
encode both a sense and antisense sequence (e.g^the E21 and e21 sequences). These 
E21 and e21 sequences of a single-stranded RNA molecule can form the stemfsartion of a 
hairpin loop. The loop portion can be encoded by the 5 '-TTCTAGAA-3 ' (SEQID 
NO: 55) sequence. 

Figure 26 is a schematic diagram of an in vivo selection process. Whifefrie figure 
shows a U6 promote and an HI promoter, both promoters can be U6 promoters. The 
inserts can be from any source. For example, the inserts can be the inserts obtained from 
the in vifro selectionprocess depicted in Figure 21 or can be the inserts obtained from the 
cloning process depicted in Figure 25. The departed inserts are from Figure 2S. The 
RNA-processing enzyme DICER and the RNA-ioiuced Silencing Compie.. (KMC) can 
be present endogenomsly within Flp-In 293 cellsL 
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DETAILED DESCRIPTION 

The invention provides isolated nucleic acids having d least one strand with both 
sense and antisense sequences fiat are complementary to eadfc other. The invention also 
provides isolated nucleic acidsfcaving at least one strand thatk a template for both sense 
and antisense sequences that ate complementary to each oth* In addition, the invention 
provides cells, viruses, and transgenic animals (e.g., transgeii, non-human animals) 
containing one or more of mediated nucleic acids provide* Herein as well as methods 
for using one or more of the isriated nucleic acids providedterein to reduce the level of 
an RNA (e.g., an mRNA) withima cell. 

Nucleic acids 

The invention provide* isolated nucleic acids. The term "nucleic acid" as used 
herein encompasses both RNAand DNA, including cDNA^omic DNA, and synthetic 
(eg chemically synthesized) BN A. The nucleic acid can be double-stranded or single- 
stranded. In addition, nucleoid can be circular or linear. In some embodiments, the 
nucleic acid can be a plasmid. The nucleic acid can contains or more restriction sites. 

• . . -nr. dialed-' a^ed herein with reference tes .z'*.z add refers to a 
naturally-occurring nucleic acMthat is not immediately contiguous with both of the 
sequences with which it is mediately contiguous (one ont&e 5' end and one on the 3' 
end) in the naturally-occurring genome of the organism fromwhich it is denved. For 
example, an isolated nucleic arid can be, without limitation, .recombinant DNA 
molecule of any length, provifed one of the nucleic acid stances normally found 
hnmediately flanking that recombinant DNA molecule in a^turally-occurring genome 
removed or absent. Thus, anisolated nucleic acid includes, without limitation, a 
recombinant DNA that exists « a separate molecule (e.g., acDNA or a genomic DNA 
fragment produced by PCR ^restriction endonuclease tre^ent) independent of other 
sequences as well as recombiamt DNA that is incorporateflmto a vector, an 
autonomously replicating placid, a virus (e.g., a retrovirus, ^antivirus, adenovirus, or 
herpes virus), or into the generic DNA of aprokaryote orakaryote. In addition, an 
isolated nucleic acid can inch* arecombinant DNA moleade that is part of a hybrid 
fusion nucleic acid sequence. 
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The term "isolated" as used herein with reference to nucleic aerd also includes any 
non-naturally-occurring nucleic acid since non-naturally-occurring nurieic acid sequences 
are not found in nature and do not have immediately contiguous sequences in a naturally- 
occurring genome. For example, non-naSurally-occurring nucleic aciflsuch as an 
engineered nucleic acid is considered to be isolated nucleic acid. Entered nucleic acid 
can be made using common molecular ritoning or chemical nucleic acid synthesis 
techniques. Isolated non-naturally-occiamng nucleic acid can be independent of other 
sequences, or incorporated into a vector, an autonomously replicatingplasmid, a virus 
(e.g., a retrovirus, lentivirus, adenovirus, or herpes virus), or the genome DNA of a 
prokaryote or eukaryote. 

It will be apparent to those of skSH in the art that a nucleic acid existing among 
hundreds to millions of other nucleic add molecules within, for example, cDNA or 
genomic libraries, or gel slices containing a genomic DNA restriction digest is not to be 
considered an isolated nucleic acid. 

In one embodiment, the invention provides isolated nucleic arids having at least 
one strand with both sense and antisensa sequences that are complementary to each other. 
In another embodiment, the invention provides isolated nucleic acidshaving at least one 
strand that is a template for both sense and antisense sequences that are complementary to 
each other. The term "complementary 09 as used herein with reference to two nucleic acid 
sequences (e.g., sense and antisense sequences) means the two nucleic acid sequences are 
100 percent complementary. The sense and antisense sequences canle part of a larger 
nucleic acid molecule or be part of sepEEate nucleic acid molecules laving sequences that 
are not complementary. The sense anfi antisense sequences can be mg length greater 
than 12 nucleotides (e.g., 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,25, 26, 27, 28, 29, 
30, or more nucleotides). For example, an antisense sequence can te21 or 22 nucleotides 
in length. Typically, the sense and antisense sequences range in leqg^i from about 15 
nucleotides to about 30 nucleotides (eL£, from about 18 nucleotides** about 28 
nucleotides, or from about 21 nucleotides to about 25 nucleotides). 

The terms "sense" and "antisense" as used herein with respeaelto two sequences 
refer to the two members of a pair of complementary sequences. Ifsse member of the 
pair is designated a sense sequence, tbestthe other member of the pair is designated an 
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antisense sequence. The sense and antisense sequences of an isolated nucleic acid can 
have any sequence. For example, an antisense sequence can be (1) a sequence 
complementary to ammRNA sequence or (2) a sequence that is not complementary to an 
mRNA sequence, is each case, the sense sequence is the sequence complemenSary to the 
antisense sequence. 

In some embodiments, an antisense sequence is a sequence complementary to an 
mRNA sequence of a virus (e.g., papilloma virus, hepatitis B virus, herpes virus, 
retrovirus, adenovirus, or HIV), parasite (Schistosoma mansoni, Fasciola, or 
Paragonimus), bacteium (e.g., E. coli, Staphlococcus, Pseudomonas, Streptococcus, 
Nisseria, or Haemophilus), pathogenic protozoa (eg., Entamoeba, Plasmodium, 
Tryphnosoma, or Taxoplasm), fungus (e.g., Aspergillus, Candida, Cryptococcm, or 
Coccidioides), plaM(e.g., corn, wheat, or rice), or animal (e.g., a mammal such as a 
mouse, rat, pig, cow, monkey, or human). In these cases, the sense sequence 
complementary to'flae antisense sequence is a seqaence present within the mRNA of a 
virus, parasite, bacterium, fungus, plant, or animal, respectively. Typically, sesise and 
antisense sequences are designed to correspond to a 15-30 nucleotide sequence of a target 
mRNA such that the level of that target mRNA is reduced via RNA interference. 
Examples of sense aid antisense sequences include, without limitation, those sequences 
set forth in Table 1. 



Table 1. Sense anflantisense sequences. 



Name 


Taaget 


Seqaence 


HPVI650-68 


Hunan papillomavirus 
type!6E6/E7 


5'-OCAGAAAGUUACCACAGIIU-3' 
SEQID NO: 1. 


HPV1 6 68 -50 


Hanan papillomavirus 
typel6E6/E7 


5 ' -AACUGUGGU AACUUUCUGG-3 ' 
SEQID NO: 3. 


HPV16 50 - 

68(H) 


Hunan papillomavirus 
type 16 E6/E7 (Hershey 
sixain) 


5 '-C03GAAAGUUACCACAGUU-3 ' 
SEQID NO: 2. 


HPV16 68 - 
50(H) 


Hussan papillomavirus 
type 16 E6/E7 (Hershey 
strata) 


5 *-AACUGU-GGUAACUUUCaGG-3 ' 
SEQID NO: 4. 


HP VI 657-77 


Hunan papillomavirus 
typcl6E6/E7 


5 '-GUUACCACAGUUAUGC ACAG A-3 ' 
SEQID NO: 5. 


HPV16 77 . 57 


Hinaan papillomavirus 


5 '-UCQGUGCAUAACUGUGGIMAC-3 ' 
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type 16 E6/E7 


SEQ ID NO: 6. 


HP VI 647-68 


Human papillomavirus 
type 16 E6/E7 


5'-GACCCAGAAAGUUACCACAGUU-3 ' 
SEQ ED NO: 43 


HPV16 6M 7 


Human papillomavirus 
type 16E6/E7 


5 '-AACUGUGGUAACUUUCUGGGUC-3 ' 
SEQ ID NO: 44 


HP VI 647. 

68(H) 


Human papillomavirus 
type 16 E6/E7(Hershey 
strain) 


5 '-GACCCGGAAAGUUACCAC AGUU-3 ' 
SEQ ID NO: 45 


HPV16 68 . 

47(H) 


Human papillomavirus 
type 16 E6/E7(Hershey 
strain) 


5 '-AACUGUGGUAACUUUCCGGGUC-3 ' 
SEQ ID NO: 46 


HPV1 655-74 


Human papillomavirus 
type 16 E6/E7 


5 ' - AAGUUACCACAGUUAUGC AC-3 ' 
SEQ ID NO: 47 


HPV16 74 -55 


Human papillomavirus 
type 16 E6/E7 


5 ' -GUGC AUAACU GUGGUAACUU-3 ' 
SEQ ID NO: 48 


HBV 8 59-881 


Human hepatite B virus 
strain ayw variant 
precore/core 


5 ' -G AAUUUGGAGCUACUGUGGAGUU- 
3' 

SEQ ID NO: 49 


HBV88 1-859 


Human hepatifis B virus 
strain ayw variant 


5 '-AACUCCACAGUAGCUCCAAAUUC-3' 
SEQ ID NO: 50 


HBV860-881 


Human hepafifis B virus 
strain ayw varant 
precore/core 


5 ' -AAUUUGGAGCUACUGUGG AGUU-3 ' 
SEQ ID NO: 51 


HBV88 1-860 


Human hepetifis B virus 
strain ayw vsrisat 
precore/core 


5 '-AACUCCACAGUAGCUCCAAAUU-3 ' 
SEQ ID NO: 52 


HBV862-882 


Human hepafifs B virus 
strain ayw vanmt 
precore/core 


5 '-UUUGGAGCUACUGUGGAGUUA-3 ' 
SEQ ID NO: 53 


HBV882-862 


Human hepatitis B virus 
strain ayw vaiant 
precore/core 


5 ' -UAACUCC AC AGU AG CUCC AAA-3 ' 
SEQ ID NO: 54 



In addition, sense andantisense sequences can be designed to target mRNA that 
encodes polypeptides necessary for the growth and/or survival of parasites, bacteria, 
viruses, fungi, and tumors. Ear example, sense and antisense sequences can be designed 
5 to target mRNA that encodespolypeptides essential for ceH viability or fitness, DNA 
biosynthesis, cell division, transcription, reverse transcription, metabolism, catabo!isp^. ; 
angiogenesis, and cellular respiration (e.g., Her-2/neu, Akt-3, and UGT2B7 
polypeptides). Sense and antianse sequences also can be designed to target structural 
RNA molecules such as DD3L 
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The isolated nucleic acids prowled herein can have (1) at least one strand with 
more than one sense sequence (e.g., 2, 3, 4, 5, 6, 7, 8, 9, 10 or more sense sequences) or 
(2) at least one strand that is a template for more than one sense sequence (e.g., 2, 3, 4, 5, 
6, 7, 8, 9, 10 or more sense sequences). Likewise, the isolated nuchac acids provided 
herein can have (1) at least one strand with more than one antisense sequence (e.g., 2, 3, 
4, 5, 6, 7, 8, 9, 10 or more antisense sequences) or (2) at least one stand that is a template 
for more than one antisense sequence (e.g., 2, 3, 4, 5, 6, 7, 8, 9, lOormore antisense 
sequences). For example, an isolated maicleic acid can have at leastwae strand that is a 
template for two sense sequences and two antisense sequences. Thcmultiple sense 
sequences can be identical or different, and the multiple antisense sequences can be 
identical or different. For example, am isolated nucleic acid can hawe one strand that is a 
template for(l) two identical sense sequences and (2) two identical antisense sequences 
that are complementary to the two identical sense sequences. Alternatively, an isolated 
nucleic acid can have one strand that is a template for (1) two idenfoal sense sequences 
20 nucleotides in length, (2) one antisense sequence that is complementary to the two 
identical sense sequences 20 nucleotides in length, (3) a sense sequence 30 nucleotides in 
length, and (4) three identical antisense sequences that are complementary to the sense 
sequence 30 nucleotides in length. 

The isolated nucleic acids provided herein can be designedly have any 
arrangement of sense and antisense sequences. For example, two idsntical sense 
sequence (1) can be followed by two identical antisense sequences** (2) can be 
positioned between two identical anfeense sequences. 

The isolated nucleic acids hawig at least one strand with bafla sense and antisense 
sequences that are complementary to«ach other can also have oneoimore cis-acting 
ribozyme sequences (e.g., 2, 3, 4, 5,6,7, 8, 9, 10, or more cis-actiiag ribozyme sequences) 
on the same strand having the sense and antisense sequences. Foraaample, a single- 
stranded KNA molecule can contain a first cis-acting ribozyme seqience followed by a 
sense sequence followed by a second «s-acting ribozyme sequence Allowed by an 
antisense sequence followed by a tbM cis-acting ribozyme sequence. Likewise, the 
isolated nucleic acids having at least *»e strand that is a template fix both sense and 
antisense sequences that are complementary to each other can be designed such that the 
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strand that is a template for the sense and antisoose sequences is also a template for one or 
more cis-acting ribozyme sequences (e.g., 2, 3, A 5, 6, 7, 8, 9, 10, or more electing 
ribozyme sequences). For example, an isolated DNA molecule can contain one strand 
that is a template for a first cis-acting ribozyme sequence followed by a sensesequence 
followed by a seccad cis-acting ribozyme sequmce followed by an antisense sequence 
followed by a third cis-acting ribozyme sequence. 

In general, a ribozyme is a catalytic RNA molecule that cleaves RNA in a 
sequence specific manner. Ribozymes that cleave themselves are called cis-acting 
ribozymes, while ribozymes that cleave other RNA molecules are called trans-acting 
ribozymes. The team "cis-acting ribozyme sequence" as used herein refers to the 
sequence of an RNA molecule that has the abiSty to cleave the RNA molectBe containing 
the cis-acting ribozyme sequence. A cis-acting ribozyme sequence can have any 
sequence provided it has the ability to cleave flae RNA molecule containing foe cis-acting 
ribozyme sequence. For example, a cis-actingribozyme sequence can have a sequence 
from a hammerhead, axhead, or hairpin ribozyme. In addition, a cis-acting isozyme 
sequence can hava a sequence from a hammtaftead, axhead, or hairpin ribo^jme that is 
modified to have ether slow cleavage activity cr enhanced cleavage activity. For 
example, nucleotide substitutions can be madeto modify cleavage activity as described 
elsewhere (see, e_&, Doudna and Cech, Nature, 418:222-228 (2002)). Exar-ries of 
ribozyme sequences that can be used herein include, without Hmitation, those described 
herein as well asfoose described in U.S. PatenlNo. 6,271,359, U.S. Patents. 5,824,5 19, 
and Doudna and Cech, Nature, 418:222-228 (2Q02). 

When mane than one cis-acting ribozysase sequence is used, the mul%ie cis-acting 
ribozyme sequences can be identical or different For example, an isolatedamcleic acid 
can have one strand that is a template for three cis-acting ribozyme sequences; where two 
are identical, andfoe third is different. The isolated nucleic acids provided ierein can be 
designed to have any arrangement of sense, a*isense, and cis-acting ribozjne sequences. 
For example, eadi sense and each antisense segeence can be flanked by at ieast one cis- 
acting ribozymeaequence. Other arrangemeEb include, without limitation,foe following: 
(1) a first cis-acfc^ ribozyme followed by a sense sequence followed by asacond cis- 
acting ribozyme followed by a third cis-actingribozyme followed by an anfeense 
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sequence followed by a fourth cis-acting ribozyme, (2) afet cis-acting ribozyme 
followed by a sense sequence followed by an antisense segsence followed by a second 
cis-acting ribozyme, (3) a sense sequence followed by a fist cis-acting ribozyme 
followed by a second cis-acting ribozyme followed by ananiisense sequence followed by 
a third cis-acting ribozyme, (4) a sense sequence followeiby a first cis-acting ribozyme 
followed by an antisense sequence followed by a second ii&acting ribozyme, (5) a first 
cis-acting ribozyme followed by a first sense sequence fitibwed by a second cis-acting 
ribozyme followed by a third cis-acting ribozyme followeflby a first antisense sequence 
complementary to the first sense sequence followed by aferrth cis-acting ribozyme 
followed by a fifth cis-acting ribozyme followed by a sectarf sense sequence followed by 
a sixth cis-acting ribozyme followed by a seventh cis-acfirg ribozyme followed by a 
second antisense sequence complementary to the second suse sequence followed by an 
eighth cis-acting ribozyme, and (6) a first cis-acting ribozyae followed by a first sense 
sequence followed by a first antisense sequence complemeiJary to the first sense 
sequence followed by a second cis-acting ribozyme followed by a third cis-acting 
ribozyme followed by a second sense sequence followed"^ a second antisense sequence 
jrytot-cv -• ; «=.5csc- secuenc? fcllov. d -r. fv-.- cis-?z t: - 
The isolated nucleic acids provided herein can be signed such that a particular 
product is formed. For example, a single-stranded RNA twining a first cis-acting 
ribozyme followed by a sense sequence followed by a second cis-acting ribozyme 
followed by an antisense sequence followed by a third ci«adng ribozyme can result m 
multiple single strands of RNA One strand can contain ttesense sequence, and another 
strand can contain the antisense sequence. These two libssfed strands can come together 
via their complementary sequence to form a double-strandeSRNA molecule having the 
ability to induce RNA interference. It will be appreciated Art a double-stranded RNA 
molecule contains two strands of RNA with each strand basmg its own 5' and 3' end. 

In some embodiments, the sense and antisense seqmaces are liberated from a 
larger sequence as one piece of single-stranded RNA. Thesuolated nucleic acid can be 
designed such that the sense and antisense sequences of tbsKsulting single-stranded 
RNA come together via their complementary sequence tote a hairpin loop structure 
having the ability to induce RNA interference. Any numbensf hairpin loop structures can 
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be formed. For example, an isolated rnscleic acid can be designed such that a resulting 
single-stranded RNA forms zero, one, two, three, four, five, six, seven, eight, nine, ten, or 
more hairpin loop structures. Typically, the resulting single-stranded RNA forms no more 
than one hairpin loop structure. In addition, the sense and antisense sequences that come 

5 together to form the stem portion of a hairpin loop structure are typically separated by 3 

to 25 nucleotides (e.g., 3 to 20, 3 to 15,3 to 10, 3 to 9, 5 to 15, or 5 to 10 nucleotides) that 
form the loop portion of a hairpin loop structure. For example, an isolated nucleic acid 
can be designed such that the sense and antisense sequences are separated by 5'- 
UUCAAGACC-3' (SEQ ID NO: 8). 

10 These resulting single- or douhlte-stranded RNA molecules float are formed upon 

cleavage by one or more cis-acting ribozyme sequences can be enzjpmatically inactive 
(e.g., lack ribozyme activity such as trans-acting ribozyme activity). For example, a 
single-stranded RNA having no moretihan one hairpin loop structure can lack trans-acting 
ribozyme activity. Cis-acting ribozyms activity is measured using the following method. 

15 Briefly, in vitro transcription is performed using 32 P-labeled nucleotides, and the products 
are analyzed by polyacrylamide gel electrophoresis. The presence of cis-acting ribozyme 
activity if c^r firmed by observing the presence of defined cleavae s products in a Mg- 
dependent manner. Trans-acting ribozyme activity is measured using the following 
method. Briefly, in vitro transcription is performed to generate RNA to be tested for 

20 trans-acting ribozyme activity. The generated RNA is then incubated with 32 P-labeled 
target RNA. The presence of trans- ac&ig ribozyme activity is confirmed by observing 
the presence of cleaved target RNA in a Mg-dependent manner whan analyzed by 
polyacrylamide gel electrophoresis. 

The invention also provides mixtures having at least two isolated nucleic acids. In 

25 one embodiment, one of the isolated nucleic acids of the mixture can have one strand that 
contains (or is a template for) one or more sense sequences and one or more cis-acting 
ribozyme sequences, while a second isolated nucleic acid of the mixture has one strand 
that contains (or is a template for) onecr more antisense sequences 2nd one or more cis- 
acting ribozyme sequences. Other eniiodiments include, without Imitation, mixtures of 

30 any two or more of the isolated nucleic acids provided herein. For example, a mixture 
can contain a first isolated nucleic adihaving one strand that is a template for a sense 
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sequence followed by an antisense sequence followed by a cis-acting ribozyme sequence 
in combination with a second isolated nucleic acid having one strand that is a template for 
a first cis-acting ribozyme followed by a sense sequence followed by a second cis-acting 
ribozyme sequence followed by an antisense sequence followed by a third cis-acting 
ribozyme sequence. 

The isolated nucleic acids provided herein can contain a promoter sequence to 
promote transcription of an RNA molecule containing sense, antisense, and dis-acting 
ribozyme sequences. Any promoter sequence can be used. For example, a constitutive 
promoter (e.g., anSV40 promoter) or an inducible promoter (e.g., a tet-reguteed 
promoter) can be used. In addition, the promoter sequence can be a promoter for RNA 
polymerase II (e.&, a CMV promoter sequence, an albumin promoter sequence, or a 
transferrin promoter sequence) or a promoter sequence for RNA polymerase m (e.g., a 
U6 promoter seqoence, a U2 promoter sequence, or a val-tRNA promoter sequence). In 
some embodiments, a tissue-specific promoter, cell-specific promoter, or pafiiogen- 
specific promoter sequence can be used. Examples of such promoter sequeases include, 
without limitation, a mouse albumin enhancer promoter, a transferrin promoter, a 
probasin promoter, a keratin 7 promoter, a keratin 13 promoter, a keratin enhancer 
promoter, and a T*iiey acidic protein promoter. Other promoter sequences include those 
described in U.S. Pat. Nos. 5,824, 519 and 6,271,359. 

Tissue-specific, cell-specific, and pathogen-specific promoter sequei&es can be 
used to control the location of synthesis of RNA molecules having the ability to induce 
RNA interference. For example, an isolated nucleic acid having a liver-spexific promoter 
(e.g., a mouse afljoniin enhancer promoter sequence) can be used to drive taascription of 
an RNA molecule containing sense, antisense, and cis-acting ribozyme sequences such 
that siRNA molecules are formed in liver cells. In one example, the antisense sequence 
can be a sequence complementary to an mRNA from liver or an mRNA fironi a hepatitis 
B virus (e.g., an mRNA encoding an envelope or polymerase/reverse transcriptase 
polypeptide) sucb that siRNA molecules targeting the liver or hepatitis B vhxs mRNA are 
formed. When targeting a sequence from an mRNA of a hepatitis B virus, sense or 
antisense sequences can be, without limitation, HBVg59-88i, HBV881-859, HB^Wssi, 

HBV 8 81-860, HBVsfil-882, Or HBV 88 2-861. 
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In another example, an isolated nucleic acid cam be designed to generate, in dan 
cells (e.g., keratinocytes),BNA molecules that have the ability to induce RNA 
interference against a target mRNA from a human papilloma virus. In this case, an 
isolated nucleic acid having a skin-specific promoter (e.g., a keratin promoter sequence) 
can be used to drive transcription of an RNA molecule containing sense, antisense, and 
cis-acting ribozyme sequences such that RNA molecules having the ability to induce 
RNA interference are formed in skin cells. In addition, the antisense sequence can tea 
sequence complementary to an mRNA from a human papilloma virus (e.g., an mRNA. 
encoding an E6 or E7 polypeptide such as the translational start site for an E6 or E7 
polypeptide) such that RNA molecules having the ability to induce RNA interference 
against human papillomavirus mRNA are formed. Wlien targeting a sequence from an 
mRNA of a human papilloma virus, sense and antisense sequences can be, without 
limitation, as set forth inSEQ ID NOs: 1-6. 

The components erf the isolated nucleic acids provided herein can be obtained 
using any method including, without limitation, common molecular cloning and chenrical 
nucleic acid synthesis techniques. For example, PCRcan be used to obtain a promoter 
sequence, a sense nucleic acid sequence, or a cis-acting ribozyme sequence. PCR refers 
to procedures in which tmget nucleic acid is amplified in a manner similar to that 
described in U.S. PatentMo. 4,683,195, and subsequent modifications of the procedure 
described therein. Generally, sequence information from the ends of the region of interest 
or beyond are used to design oligonucleotide primers that are identical or similar in 
sequence to opposite steads of a potential template tole amplified. Using PCR, a 
nucleic acid sequence caabe amplified from RNA or DNA. For example, a nucleic acid 
sequence can be isolatedlby PCR amplification from tafel cellular RNA, total genomic 
DNA, and cDNA as welas from bacteriophage sequences, plasmid sequences, viral 
sequences, and the like. When using RNA as a source of template, reverse transcripfese 
can be used to synthesize complementary DNA strand*. 

In addition, mutagenesis (e.g., site-directed mtfissgenesis) can be used to obtassa 
components of the isolated nucleic acids provided heron. For example, site-directed 
mutagenesis can be used* design particular sense and antisense sequences within a 
nucleic acid construct containing a template strand forme or more cis-acting ribozyme 
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sequences. Possible mutations include, without limitation, deletions, insertions, and 
substitutions, as well as combinations of deletions, insertions, anfi substitutions. Nucleic 
acid and amino acid databases (e.g., GenBank®) also can be used to obtain sequence 
information such that particular sense and antisense sequences as well as promoter 
sequences and cis-acting ribozyme sequences can be obtained. Bar example, GenBank 
can be used to design sense and antisense sequences such that siENA molecules are 
formed that target a human mRNA sequence. 

The isolate nucleic acids provided herein can be linear or circular. For example, 
an isolated nucleic acid can be in the form of a vector such as aftbsmid, phage, or 
cosmid. As such, the isolated nucleic acids can contain an ori of implication, a sequence 
encoding a polypeptide that confers antibiotic resistance, and res&riction enzyme sites. Li 
some embodiments, an isolated nucleic acid provided herein is infhe form of a vector 
derived from bacteriophage, bacukmruses, tobacco mosaic virus, berpes viruses, 
cytomegaloviruses, retroviruses, vaccinia viruses, adenoviruses, .snd/or adeno-associated 
viruses. Numerous vectors and expression systems are commercially available from, for 
example, Novagen (Madison, WI), Clontech (Palo Alto, CA), Slsatagene (La Jolla, CA), 
and Invitro gen/Life Technologies (Carlsbad, Cr\). 

Cells 

The invention also provides cells containing one or more ©f the isolated nucleic 
acids provided herein. Such cells can be prokaryotic or eukarycdfic. Examples of cells 
that can contain one or more of the isolated nucleic acids provided herein include, without 
limitation, animal cells, mammalian cells, plant cells, insect celfe, fungal cells, bacterial 
cells, and yeast cells. Other example include, without limitation primary cells, skin cells 
(e.g., keratinocytes), liver cells, neurons, muscle cells, lymphocytes, bone marrow cells, 
kidney cells, adrenal cells, T-cells,B-cells, macrophages, mono^tes, adipocytes, 
perictyes, fibroblasts, colon epithdBal cells, reticular cells, pancacatic cells, cervical cells, 
endometrial cells, and prostate cells. Cells containing at least aaeof the isolated nucleic 
acids provided herein can be in vitro or in vivo. In addition, theisolated nucleic acid can 
be integrated into the genome of the cell or maintained in an episemal state. Thus, cells 
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can be stably or transiently transfected with a construct containing one orxiore of the 
isolated nucleic acids provided herein. 

Any mefliod can be used to introduce an isolated nucleic acid into a cell in vivo or 
in vitro. For example, calcium phosphate precipitation, electroporation, hsat shock, 
lipofection, microinjection, and viral-mediated nucleic acid transfer are common methods 
that can be use&to introduce an isolated nucleic acid into a cell. In addi&E, naked DNA 
can be delivered directly to cells in vivo as describe elsewhere (See, e.g., MS. Patent Nos. 
5,580,859 and 5,589,466). Further, isolated nucleic acids can be introduiad into cells by 
generating tran^enic animals as described ksrein. 

Any m£(iiod can be used to identify cells containing an isolated nmieic acid 
provided herein. Such methods include, witkout limitation, PCR and nuieic acid 
hybridization techniques such as Northern and Southern analysis. 



Viruses 

The hrmition provides viruses containing one or more of the isoiasd nucleic 
acids providedherein. Examples of viruses mat can contain one or morecf the isolated 
r 2 '.j1c :idi 7 . " iurer.:. iachu wit : ; . limit, '; , .-//in ::.s, r.ae:o . 
herpes viruses, adeno-associated viruses, lentiviruses, baculoviruses, cailBflower mosaic 
viruses, tobacco mosaic viruses, togaviruses, polio viruses, cytomegalovinses, 
Paramyxoviruses, Epstein-Barr viruses, human papillomavirus, and hepafias C viruses. 

A virus containing one or more of the isolated nucleic acids pro\a#ed herein can 
be used as a viral vector to package and/or deliver the isolated nucleic arids to a tissue, 
cell, pathogen,l»acteria, virus, or fungus. For example, a retroviral vectorean be used to 
deliver an isoMed nucleic acid provided herein to cells in vivo or ex vivo. Other 
examples of vkal vector that can be used to deliver one or more of the isdated nucleic 
acids provideaherein include, without limitation, those described in WO*7/17458 and 
U.S. Patent 6,271 ,359. 

Any rnemod can be used to introduce an isolated nucleic acid insaa virus. For 
example, conmon molecular cloning techniques can be used to introduce an isolated 
nucleic acid provided herein into the sequence of a virus. In addition, staaiard virology 
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techniques can be used fc> generate and isolate virus particles containing one or mess of 
the isolated nucleic acids provided herein. 

Any method canfte used to identify viruses containing an isolated nucleic .moi 
provided herein. Suchaisthods include, without limitation, PCR and nucleic acid 
hybridization techniques such as Northern and Southern analysis. For example, ceHs 
infected with a particular virus can be analyzed for the presence or absence of nudist 
acid corresponding to isolated nucleic acid provided herein. 

Transgenic Animals 

The invention jnovides non-human transgenic animals containing one or nore of 
the isolated nucleic acife provided herein. Such tracs^enic animals can be aquafe 
animals (such as fish, ^aarks, dolphin, and the like), farm animals (such as pigs, geats, 
sheep, cows, horses, nffibits, and the like), rodents (such as rats, guinea pigs, andmice), 
ron-hr -*n r ^ 0 te (smh as baboon, monkeys, and chimpanzees), and domesticanimals 
(such as dogs ? ^d cats}. Several techniques 1 T.ownib _ n c v u s . . 

isolated nucleic acid nib animals to produce the founder lines of transgenic animal. 
; . \ "ithev .... . .*nv ' ...... ... 

4,873,191); retrovirus mediated gene transfer into germ lines (Van der Putten et dl^Proc. 
Natl Acad. ScL, USA, IK:6148 (1985)); gene transfestion into embryonic stem celk 
(Gossler A et aL 9 Proc3iatl Acad Sci USA 83:9065-9069 (1986)); gene targeting ifc 
embryonic stem cells piiompson et aL, Cell, 56:313(1989)); nuclear transfer of; somatic 
nuclei (Schnieke AEelaL, Science 278:2130-2133 (1997)); and electroporationrf 
embryos (Lo CW, Mcfr-Cell. Biol, 3:1803-1814 (1$33)). Once obtained, transgera 
animals can be replicated using traditional breedings animal cloning. 

The trans genie animals provided herein can be designed to be functional knock- 
outs of the polypeptide encoded by the mRNA that the siRNA molecules target for 
degradation. Such transgenic animals can be used to screen compounds for their^dlity 
restore the function orifienctions of the polypeptide knocked out. In generai, suck 
screening methods caminclude administering a test compound to the transgenic aaioaal 
and determining if thelfenction of the knocked out polypeptide is fully or partially 
restored relative to a control transgenic animal that £Ed not receive the test compound. 
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Any method can be used to identify transgenic animals containing an isolated 
nucleic acid provided herein. Sudi methods include, without Imitation, PCR and nucleic 
acid hybridization techniques sudi as Northern and Southern analysis. 

Methods 

The invention provides methods for reducing the level <cf RNA (e.g., an mRNA) 
within a cell. Such methods typically involve introducing one or more of the isolated 
nucleic acids provided herein irito a cell. The invention also provides methods for 
inducing RNA interference in acrell by introducing an isolatefinucbic acid into the cell 
such that a s : .i^ 7 e-stranded RNAlaving no nv :e than one haigin loop structure is formed 
within the cell as a result of cleaerage by at least one cis-actingmbozyme. 

In general, the isolated nucleic acid introduced into a cell is designed such that the 
sense and antisense sequences laeget an mRNA normally wiflia that cell. In some 
embodiments, f he isc 1 "- A *d nuclekacid introdrc^d into a cell ran. be designed such tu&v 
th : ? e - se and antisense sequences target an mRNA not nonnaily within that cell. For 
example, the sense and antisense sequences can target an RNA sequence from a virus. In 
t;; . c -c, tl \ dc arii 31 ca i be use • protect cell;* : : * \ ab- 

normally caused by that virus. 

In some embodiment, the methods and materials proofed herein can be used to 
treat conditions arising from (1) expression of an abnormal polypeptide (e.g., a mutated cr 
dysfunctional polypeptide) or (2) abnormal expression (e.g., ©wer-expression) of a normal 
polypeptide. For example, an isolated nucleic acid providedterein can be designed such 
that the sense and antisense sequmces target an mRNA encoShg a particular polypeptide. 
Once designed, the isolated nudac acid can be administered to a subject (e.g., a humar v 
suspected of having a disease orcondition that can be alleviated by down-regulating the 
expression of the polypeptide encoded by the targeted mRNA- Examples of diseases and 
conditions that can be treated using an isolated nucleic acidpovided herein include, 
without limitation, bacterial infections (e.g., E. coli> S. aureus* *ad P. aeiiiginosa 
infections), viral infections (e.g^papilloma virus, hepatitis vkms, herpes virus, and HIV 
infections), proliferative diseasefe.g., cancers such as lymphomas, breast cancers, 
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prostrate cancers, cervical cancers, melanomas, neuroblastomas, testicular cancers, and 
ovarian cancers), and inflammatory diseases (e.g., arthritis and asthma). 

To treat bacterial and viral infections, the isolated nucleic acids can be designed 
such that the sense and antisense sequences target mRNA that encodes an indispensable 
polypeptide from the bacterium or virus. For example, an isolated nucleic acid can be 
designed such that the sense and antisense sequences target mRNA that encodes a 
bacterial enzyme required for the bacterium's survival. When treating bacterial 
infections, the isolated nucleic acids can delivered directly to the bacteria using, for 
example, bacteriophage vectors. When tasting viral infections, the isolated nucleic acids 
can be delivered to the infected cells or te cells susceptible to infection using, for 
example, viral vectors having a tropism fi>r those cells. 

To treat proliferative diseases suck as cancers, the isolated nucleic acids can be 
designed such that the sense and antisense sequences target mRNA that encodes an 
oncogene product (e.g., ras, myc, Src, ir^h, and Wnt). In addition, the isolated nucleic 
acids can be delivered to the cancerous cells via intratumoral injection or through the use 
of viral vectors having a tropism for the cmcerous cells. 

To treat inflammatory conditions, fine isolated nucleic acids can be designed such 
that the sense and antisense sequences target mRNA that encodes a pro-inflammatory 
cytokine (e.g., interferon-7, TNF-a, TGF-f , and interleukins such as IL-1 1). In addition, 
the isolated nucleic acids can be delivered to the cells at the site of inflammation via 
localized injections or through the use of viral vectors having a tropism for the pro- 
inflammatory cells (e.g., macrophages an* lymphocytes) at the site of inflammation. 

Screening methods and materials 

The invention provides in vitro and in vivo screening methods said materials that 
can be used to identify mRNA sequences fhat can be targeted for RN A interference. For 
example, the following in vitro screen cabe performed as outlined inFigure 21 or 24 to 
identify regions of an mRNA that are available for hybridization. Briefly, PCR can be 
used to construct a pool of nucleic acids with each member containing a sequence of 
between about 10 and about 30 (e.g., 11,13, 15, 17, 19, 21, 23, 25, 27, cr 29) randomized 
nucleotides located downstream from afromoter sequence (e.g., a T7 promoter) and 
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between two restricliim enzyme sites (e.g., two BgJD sites). After transcription the 
transcripts containing the randomized sequences can be annealed to a target mKKA and 
RT-PCR is performed. After amplification, the amplification products can be cfeaved 
with the restriction enzymes (e.g., Bglll), and the cleavage products can be clonsd into 
vectors linearized to receive the cleaved products. The resulting collection of vectors can 
contain sequences thai are a template for RNA molecules having the ability to Knd to the 
mRNA sequence used as the selection target. These inserts can be sequenced md used to 
design the sense andantisense sequences provided herein such that RNA interference in 
induced. Each step tsf this selection protocol can toe performed used methods saaiilar to 
those described in UJS. Provisional Patent Application Serial No. 60/41 7,997, f€T 
Application Publican WO 04/002416, Pan et oL {Molecular Therapy, 7: 129-139 
(2003)), and Pan etal. {RNA, 7:610-621 (2001)). These in vitro screening mdhods can 
be modified to add multiple rounds of enrichment (e.g., two, three, four, five, sx, or more 
rounds of enrichmer^. A binding test can be performed with labeled selected S>rary 
transcripts and labekri unselected library transci^ts to verify that the transcri^& from the 
enriched library haw increased affinity for the taiget mRNA. 

Collections of sequences such as the collection of sequences obtained unng an in 
vitro screen can be objected to an in vivo screen to obtain large numbers of sciences 
that can be used toisiuce RNA interference in an efficient manner (Figure 2Gj^ In 
addition, individual sequences can be subjected to an in vivo screen to confirm &at the 
individual sequencehas the ability to induce RNA interference (Figure 20). Briefly, an in 
vivo screen can invalhre introducing a vector preparation into cells. Each vector of the 
vector preparation can contain two main components: (1) a nucleic acid sequence that is 
a template for a target mRNA and (2) a nucleic acid sequence that is a temp late for a 
double-stranded RNA molecule to be tested for the ability to induce RNA interference 
such that the levels rfthe target mRNA and encoded polypeptide are reduced- In some 
embodiments, the «Ss can contain the target mRNA, and each vector of the^ctor 
preparation can contain one main component: a isicleic acid sequence that is ;a ^mplate 
for a double-stranded RNA molecule to be tested for the ability to induce RNA 
interference such that the levels of the target mRNA and encoded polypeptid&sare 
reduced. Such cells can contain the target mRNAendogenously. In some cass, the cells 
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can be provided with a nucleic acid sequence that encodes the target mRNA. For 
example, cells can be transfectefl with an expression vector fist encodes a target mRNA. 

To aid in the assessment of the level of target mRNA and encoded polypeptide, 
the nucleic acid sequence that is a template for the target mEKA can be fused to a 
sequence encoding a reporterpolypeptide (e.g., green fluorescent protein or red 
fluorescent protein) such that the target mRNA and the mRNA encoding the reporter 
polypeptide are transcribed as a single fusion mRNA. Any jsolypeptide can be used as a 
reporter polypeptide. In some embodiments, the reporter poiypeptide can be a 
polypeptide that kills cells whaa expressed. For example, the reporter polypeptide can be 
lethal to cells or can be a polypeptide that induces lethal responses (e.g., a polypeptide 
that activates a lethal polypeplifle such as caspase 3). In ot3aor embodiments, target 
mRNA can be transcribed wiftout a sequence encoding a reporter polypeptide. It is noted 
that transcription of the fusionaaRNA (or target mRNA) caabe driven by any type of 
promoter sequence. For example, each vector of the vector preparation can contain a 
CMV promoter sequence operably linked to the sequence tJasEl is a template for the fusion 
mRNA. 

When using a reporterjplypeptide (e.g., green fluorescent protein or red 
fluorescent protein) to identify cells with reduced levels of terget mRNA, a promoter 
sequence that promotes transcription to a lesser degree thana strong promoter such as a 
CMV promoter can be used. SMng a weak promoter sequence can allow researchers to 
distinguish easily cells exhibifing effective target mRNA redaction from those cells that 
do not reduce target mRNA tosels. The U6 promoter sequasee is an example of a weak 
promoter that can allow reseasiiers to distinguish easily cdEs exhibiting effective target 
mRNA reduction. 

The portion of each vector that contains the nucleic acid sequence that is a 
template for a double-stranda&RNA molecule to be tested can be arranged such that a 
first promoter sequence (e.g,atU6, HI, or CMV promoter sequence) directs transcription 
from the top strand and a sec®ad promoter sequence (e.g., aU6, HI, or CMV promoter 
sequence) directs transcriptiasfrom the bottom strand (Figure 20). In this case, the two 
resulting transcripts can anneal to from a double-stranded BSNA molecule. Each nucleic 
acid sequence that is a temphtts for a double-stranded RNAmolecule to be tested can be 
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positioned between the two promoter sequences using restriction enzjme sites. The 
nucleic acid sequence between the two promoter sequences can be anylisngth. For 
example, the nucleic acid sequence between the two promoter sequences can be from 
about 15 to about 300 nucleotides in lengfli. In some embodiments, th© nucleic acid 
sequence between the two promoter sequences is from about 15 to abnut 200 nucleotides 
in length, from about 15 to about 100 nucleotides in length, from abotfl 15 to about 50 
nucleotides in length, from about 18 to about 50 nucleotides in lengttv from about 18 to 
about 40 nucleotides in length, from aboat 18 to about 30 nucleotides in length, or from 
about 18 to about 25 nucleotides in length. 

In some cases, the two promoter sequences can be different. ISar example, one 
promoter sequence can be a U6 promoter sequence, while the other caa be an HI 
promoter sequence. The use of two different promoter sequences can simplify the 
sequencing procedures used to determine the sequence located betweaea the two promoter 
sequences. For example, a sequencing primer designed to anneal to one of the promoter 
sequences will not anneal to the other promoter sequence when two cEfferent promoter 
sequences are used. 

The two promoter sequences can direct transcription of two fceiscripts: one from 
the top strand, and one from the bottom strand. If the two transcripts f>rm double- 
stranded RNA molecules that induce degradation of the target mlUS^then the level of 
the reporter polypeptide expressed by the cell will be lower than thelwel observed in 
control cells (e.g., cells lacking the ability to transcribe both transcript). The cells 
exhibiting a reduced level of reporter polypeptide can be isolated. Gtase a cell is isolated, 
the vector sequences responsible for the observed reduced level cante identified and 
used to design sense and antisense sequences as described herein. 

In one embodiment, a nucleic arid sequence that is a template for a target mRNA 
is fused to a sequence that encodes eGEP. See, e.g., Jang et al., J. VmwL 62:2636-2643 
(1988). The resulting construct can bedoned into a vector (e.g., thcjcDNAS vector; 
Invitrogen, Carlsbad, CA) such that transcription is under the control s£ a CMV or U6 
promoter. A construct having two U6 promoter sequences (or one 156 promoter sequence 
and one HI promoter sequence) with one promoter sequence driving isanscription from 
the top strand and the other driving transcription from the bottom staid can be made 
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such that one or more restriction enzyme sites are located between the two promoter 
sequences. This construct can be used to clone in sequences to be tested. For example, 
nucleic acids obtained using an in vitro screen can be cloned into a restriction site (e.g., a 
BamHI site) to prodoce a collection of constructs containing each member of the nucleic 

5 acids obtained using an in vitro screen. This resuMng collection of constructs ran be 

cloned into the pcDNA5 vector containing the nudeic acid sequence that is a template for 
the target mRNA fiised to the sequence that encodtes eGFP to produce a library. 

The library can be used to transfect hum23&293 Flipln™ cells (Invitrogsa, 
Carlsbad, CA) such feat a construct containing thecomponent(s) described herein 

1 o integrates into the recombination site of the humai 293 Flipln™ cells as a single copy. 

Transformants can be selected using Hygromycm antibiotic and screened for a reduction 
or elimination of fluorescence. Cells that do noilffiuoresce can contain a single copy of 
the integrated consfruct. The sequence of this integrated construct can be sequenced and 
used to design sense and antisense sequences asfecribed herein. 

15 Collections of sequences such as the collection of sequences obtained using an in 

vitro screen (Figure 24) can be subjected to a cloaiing process that produces a library of 
sequences that encode hairpin loop sequences (Figure 25). Such hairpin loop sequences 
can be designed such that (1) the stem portion offfiie hairpin loop is formed, at least in 
part, by sense and antisense sequences, and (2) .tbsloop portion of the hairpin loop is 

20 formed by a sequence located between the sense aad antisense sequences. The loop 

portion can be any sze (e.g., 3, 4, 5, 6, 7, 8, 9, IflL or more nucleotides) and can have any 
sequence. The hairpin loop sequences can be vssA to induce RNA interference. 

In one embodiment, the following clonhggprocedure can be used to produce a 
library of sequences that encode hairpin loop sequences (Figure 25). Briefly, a library of 

25 cDNA sequences from, for example, an in vitro sa;een such as the one depicted in Figure 
24 can be combined with three PCR primers. Such cDNA sequences can contain a 
restriction site (e.g^Bglll) 3' of the random seqisnces (e.g., e21) and a differait 
restriction site (e.g^Xbal) 5' of the random sequeaces (e.g., e21). The first FGR primer 
(first strand of Figaro 25) can be complementary to the 3* end of the cDNA sequences. 

30 The second PCR primer (third strand of Figure 25) can contain a sequence that overlaps 
with the 5 y end of the cDNA sequences and a sequence that extends beyond flie 5' end of 



41 



WO 2005/017127 




T/US2004/005400 



the cDNA sequences. The sequence that extends beyond th?5' end of the cDNA 
sequences can be designed to form a loop structure. The this! PCR primer (fourth strand 
of Figure 25) can contain a sequence that overlaps with the 5* end of the second PCR 
primer and a sequence that extoids beyond the 5' end of thesecond PCR primer. The 

5 sequence that extends beyond flie 5 ' end of the second PCRprimer can contain the same 
restriction site (e.g., Xbal) that is located in the cDNA seqisctces 5' of the random 
sequences (e.g., e21). 

After amplification (step A(a) of Figure 25), the seg^ences from the cDNA 
sequences and PCR primers caa be incorporated into a larger product. The 3' end of this 

1 o product can fold onto itself aiafl allow for cis-extension dirmg a PCR reaction. This 
reaction can be performed using the first PCR primer. This primer can be used at a 
concentration that is higher than normal. For example, 7O0pM of the first primer can be 
used in this cis-extension PCRreaction as opposed to the HO pM amount normally used 
in PCR reactions. 

1 5 After amplifying the extended products (step A(c) cfFigure 25), the products can 

be edited to remove at least abortion of the sequence (e.g^most of the sequence) located 
between the sense and antisenss sequences (e.g., E21 and e2l) present in each strand. 
Briefly, the amplified products can be cleaved at the flankiag outer restriction sites (e.g., 
BgUI sites) and cloned into abactor (e.g., a pCR2 vector). Ihe vector can be modified ox 

20 designed to lack restriction sties that are cleaved by the reliction enzyme that cleaves at 
the inner flanking restriction sites (e.g., Xbal). After amplifying the vectors, the vectors 
can be cleaved at the inner flanking restriction sites (e.g., Xfcal). The excised fragment 
can be discarded, and the vector fragments can be re-ligate4L The sequences located 
between the outer flanking reshiction sites can be excisedaad cloned into any type of 

25 vector such as an in vivo screening vector (Figure 26). 

The library of sequences that encode hairpin loop sa|uences can be subjected to 
an in vivo screen to obtain lasgs numbers of sequences thdtaan be used to induce RNA 
interference in an efficient manner (Figure 26). In addition individual sequences 
encoding a hairpin loop sequence can be subjected to an inimo screen to confirm that the 

30 individual sequence has the aBality to induce RNA interfei£«e (Figure 26). Briefly, an in 
vivo screen can involve introducing a vector preparation intocells. Each vector of the 
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vector preparation can contain two mais components: (1) a nucleic acid sequence that is 
a template for a target mRNA and (2)amicleic acid sequence that is 2. template for a*i 
RNA molecule with a hairpin loop seqisnce to be tested for the abi&/ to induce RNA 
interference such that the levels of theteget mRNA and encoded polypeptide are 
reduced. In some embodiments, the csS can contain the target mREA, and each vector 
of the vector preparation can contain ois main component: a nuclek acid sequence that 
is a template for an RNA molecule va& a. hairpin loop sequence tote tested for the 
ability to induce RNA interference sn&that the levels of the target mRNA and encoded 
polypeptide are reduced. Such cells caa contain the target mRNA erdogenously. In 
some cases, the cells can be provided^h a nucleic acid sequence fet encodes the target 
mRNA. For example, cells can be bmsfected with an expression vaactor that encodes a 
target mRNA. 

To aid in the assessment of ttelevel of target mRNA and eao&oded polypeptide, 
the nucleic acid sequence that is a tecqjiate for the target mRNA canbe fused to a 
sequence encoding a reporter polypqSfide (e.g., green fluorescent protein or red 
fluorescent protein) such that the targ&mRNA and the mRNA encoding the reporter 
polypeptide are transcribed as a singlefixsion mRNA. Any polypeptide can be used as a 
reporter polypeptide. In some embodiments, the reporter polypeptide can be a 
polypeptide that kills cells when expressed. For example, the repoalfer polypeptide can be 
lethal to cells or can be a polypeptide*at induces lethal responses {«Lg., a polypeptide 
that activates a lethal polypeptide sucias caspase 3). In other embsdiments, target 
mRNA can be transcribed without asaquence encoding a reporterp&lypeptide. It is noted 
that transcription of the fusion mRN&Cor target mRNA) can be driwsai by any type of 
promoter sequence. For example, eack vector of the vector preparation can contain a 
CMV promoter sequence operably lxdked to the sequence that is atemplate for the fusion 
mRNA. 

When using a reporter polypq&de (e.g., green fluorescentfcotein or red 
fluorescent protein) to identify cells to& reduced levels of target bsSSSLA, a promote! 
sequence that promotes transcription** a lesser degree than a stroi^promoter such as a 
CMV promoter can be used. Using aweak promoter sequence caa allow researchers to 
distinguish easily cells exhibiting ef&sfcive target mRNA reductioafirom those cells that 
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do not reduce targst mRNA levels. The U6 promoter sequence is an example, of a weak 
promoter that can^Iow researchers to distoguisn easily cells exhibiting effecdvs L?rg2t 
mRNA reduction. 

The portico! of each vector that contains fiie nucleic acid sequence thai is a 
template for an RB. molecule with a hairpin loop sequence to be tested canlke arranged 
such that a singleisomoter sequence (e.g., a US, HI, or CMV promoter sequence) directs 
transcription from either the top or bottom straad. In some embodiments, Apportion of 
each vector that cmtains the nucleic acid sequence that is a template for anBNA 
molecule with alnirpin loop sequence to be tested can be arranged such thata first 
promoter sequence (e.g., aU6, HI, or CMV promoter sequence) directs transmption 
from the top straad and a second promoter seqnence (e.g., a U6, HI, or CMV promoter 
sequence) directs transcription from the bottom strand (Figure 26). In such cases, the two 
resulting transcripts can form separate hairpintoop structures. Each nucleieacid 
sequence that is*template for an RNA molecule with a hairpin loop sequeme to be 
tested can be poisoned behind a promoter sequence or between two promoter sequences 
using restriction sazyme sites. The nucleic add sequence behind a promoter sequence or 
between two promoter sequences can be any length. For example, the nuctes acid 
sequence betweemtwo promoter sequences can.be from about 15 to about 3S9 nucleotides 
in length. 

In some cases, the two promoter sequences can be different. For example, one 
promoter sequence can be a U6 promoter sequence, while the other can be an HI 
promoter sequence. The use of two differentpromoter sequences can simplify the 
sequencing proce&res used to determine thesaquence located between theftero promoter 
sequences. Foreiample, a sequencing primer designed to anneal to one of flie promoter 
sequences will ndt anneal to the other promote! sequence when two differentpromoter 
sequences are ussd. 

Once transcribed from the top and/or bottom strand, the RNA molawles can form 
a hairpin loop stoacture. If a transcript forms astructure that induces degradirion of the 
target mRNA, thsn the level of the reporter polypeptide expressed by the will be 
lower than the lercl observed in control cells fcg., cells lacking the abilityttotranscribe 
the RNA moleadfes). The cells exhibiting a reduced level of reporter polypeptide can be 
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isolated. Once a cell is isolated, the vector sequences responsible for the observed 

reduced level can be identified and used to design sense aiviiantisenss sequences as 
described herein. 

5 Nucleic acid deliveiy 

As described herein, any method can be used to deliver an isolated nucleic acid to 
a cell. In some embodiments, delivery of an isolated nudes' acid provided herein can be 
performed via biologic or abiologic means as described in, for example, U.S. Patent No. 
6,271,359. Abiologic delivery can be accomplished by a^aoaiety of methods including, 

10 without limitation, (1) loading liposomes with an isolated^tssleic acid provided herein 

and (2) complexing an isolated nucleic acid with lipids orllposomes to form nucleic acid- 
lipid or nucleic acid-liposome complexes. The liposome can be composed of cationic and 
neutral lipids commonly used to transfect cells in vitro. (S&onic lipids can complex (e.g, 
charge-associate) with negatively charged nucleic acids to farm liposomes. Examples of 

15 cationic liposomes include lipofectin, lipofectamine, lipofeface, and DOTAP. 

Procedures for forming liposomes are well known in the bjL Liposome compositions cm 
be formed, for example, from phosphatidylcholine, dimynsbyl phosphatidylcholine, 
dipalmitoyl phosphatidylcholine, dimyristoyl phosphatidyigycerol, or dioleoyl 
phosphatidylethanolamine. Numerous lipophilic agents arecommercially available, 

20 including Lipofectin® (Invitrogen/Life Technologies, Carh&ad, CA) and Effectene™ 
(Qiagen, Valencia, CA). 

In some embodiments, systemic delivery is optimized using commercially 
available cationic lipids such as DDAB or DOTAP, eachxfiwhich can be mixed with a 
neutral lipid such as DOPE or cholesterol. In some cases,Sposomes such as those 

25 described by Templeton et al. {Nature Biotechnology, l£:6£7-652 (1997)) can be used 
In other embodiments, polycations such as polyethylenekme can be used to achieve 
delivery in vivo and ex vivo (Boletta et aL, J. Am Soc. Nefirol. 7: 1728 (1996)). 
Additional information regarding the lose of liposomes iao£lvsr isolated nucleic acids 
can be found in U.S. Patent No. 6,271,359. 

30 The mode of delivery can vary with the targeted cs£or tissue. For example, 

isolated nucleic acids can be delivered to lung and liver fr sane to treat a disease (e.g., 
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cancer, tuberculosis, and hepatitis) viatic© intravenous injection of liposomes since both 
lung and liver tissue take up liposomes is vivo. In addition, when trssfng localized 
conditions such as cancer and infections (e.g., hepatitis), catheritizafea in an artery 
upstream of the affected organ can be used to deliver liposomes coiffcming an isolated 
nucleic acid. This catheritization can asmd clearance of the liposome from the blood by 
the lungs and/or liver. For lesions such as skin cancer, human papHkma virus lesions, 
herpes lesions, and precancerous cervical dysplasia, topical delivery sf liposomes can be 
used. Leukemias can be treated by exvivo administration of the lipaaames to, for 
example, to bone marrow. 

Liposomes containing an isolated nucleic acid provided henaucan be 
administered parenterally, intravenoudy, intramuscularly, intraperteaeally, 
transdermal^, excorporeally, or topically. The dosage can vary d^ending on the species, 
age, weight, condition of the subject, asd the particular compound a&vered. 

In other embodiments, biologic delivery vehicles can be usefl. For example, viral 
vectors can be used to deliver an isolated nucleic acid to a desired lasget cell. Standard 
molecular biology techniques can be used to introduce one or moreaf the isolated nucleic 
acids provided herein into one of thenmy different viral vectors paariously developed to 
deliver nucleic acid to particular cells. These resulting viral vectors san be used to deliver 
the one or more isolated nucleic acids to the targeted cells by, for eximple, infection. 

Pharmaceutical compositions 

Typically, one or more of the isolated nucleic acids providaflherein, either alone 
or in combination with a biologic or almologic delivery vehicle, caafte a<lininistered to a 
subject suspected of having a disease or condition associated with the expression of a 
target polypeptide. The isolated nucleic acids and/or delivery vehicfes can be in a 
pharmaceutically acceptable carrier ardiluent, and can be admini^esd in amounts and 
for periods of time that will vary depending upon the nature of thepaticular disease, its 
severity, and the subject's overall coadilion. Typically, aa isolacodm-cleic acid is 
administered in an inhibitory amount aach as an amount that is efferiive for inhibiting the 
production of the target polypeptide. 
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The ability of an isolated nucleic acid to induce RNA interference agrinst a target 
can be assessed, fox example, by measuring mEJJA or polypeptide levels in as-abject 
before and after treatment Any method can be rased to measure mRNA andfDlypeptide 
levels in tissues ox biological samples such as Cithern blots, RT-PCR, imimnostaining, 
ELIS As, and radioimmunoassays. 

Any method can be used to formulate aci subsequently administer assmposition 
containing one or more of the isolated nucleic acids provided herein. Dosii^is generally 
dependent on the severity and responsiveness <c£ the disease state to be treated, with the 
course of treatmeasE lasting from several days to several months, or until a one is effected 
or a diminution of the disease state is achieved. Routine methods can be useito 
determine optinnasn dosages, dosing methodologies, and repetition rates. Optimum 
dosages can vary depending on the relative patency of individual nucleic acids, and can 
generally be estrmaated based on EC 50 values fcand to be effective in in vitrs> and/or in 
vivo animal models. Typically, dosage is fromabout 0.01 fig to about lOOgfer kg of 
body weight, andean be given once or more dafly, weekly, or even less often. Following 
successful treatment, it may be desirable to hasre the patient undergo maintsiance therapy 
to prevent the recurrence of the disease state. 

Compositions containing one or morearf the isolated nucleic acids pmvided herein 
can be admixed, encapsulated, conjugated, oroctherwise associated with othaac molecules, 
molecular structures, or mixtures of nucleic axads such as, for example, liposomes, 
receptor targetedmolecules, or oral, rectal, tcgical or other formulations, for assisting in 
uptake, distribution, and/or absorption. 

ComposMons containing one or moreaf the isolated nucleic acids povided herein 
can contain one or more pharmaceutical^ acceptable carriers. A "pharmaceEtically 
acceptable carrier (also referred to herein asan "excipienf ') is a pharmaceiiically 
acceptable solvent suspending agent, or any ©Iter pharmacologically inert^sehicle. 
Pharmaceutical^ acceptable carriers can be Bpid or solid, and can be selorted with the 
planned manner of administration in mind soaas to provide for the desired IsuLc, 
consistency, and other pertinent transport andAemical properties. TypicdL 
pharmaceutical^ acceptable carriers include,9qr way of example and not Imitation: 
water; saline soiation; binding agents (e.g., pi2yvinylpyrrolidone or hydroxjpropyl 
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methylcellulose); fillers (e.g., lactose and other sugars, gdiatin, or calcium sulfate); 
lubricants (e.g., starch, polyeJhylene glycol, or sodium ace!ate); disintegrates (e.g., stzx£. 
or sodium starch glycolate); sad wetting agents (e.g., sod:;nn lauryl sulfate). 

The compositions provided herein can be administered by a number of methods 
depending upon whether local or systemic treatment is desired and upon the area to be 
treated. Administration can be, for example, topical (e.g^ transdermal, ophthalmic, ox 
intranasal); pulmonary (e.&, by inhalation or insufflation of powders or aerosols); orafc or 
parenteral (e.g., by subcutaneous, intrathecal, mtraventrionlar, intramuscular, or 
intraperitoneal injection, or fey intravenous drip). Administration can be rapid (e.g., by 
injection) or can occur overaperiod of time (e.g., by slow infusion or adnainistration^ff 
slow release formulations). For treating tissues in the central nervous system, the 
composition can be administered by injection or infusioninto the cerebrospinal fluid, 
preferably with one or more agents capable of promoting penetration across the bloofl- 
brain barrier. 

Compositions for topical administration include, for example, sterile and non- 
sterile aqueous solutions, mm-aqueous solutions in common solvents such as alcohol or 
solutions in liquid or solid -dl bases. Such solutions also can contain buffers, diluents, 
and other suitable additives. Compositions for topical adcainistration can formulated is 
the form of transdermal pafches, ointments, lotions, creaaas, gels, drops, suppositories., 
sprays, liquids, and powders. Coated condoms, gloves, and the like also can be used. 
Conventional pharmaceutical carriers, aqueous, powder or oily bases, thickeners, ana^ie 
like can be added. 

Compositions for aial administration include, fao:example, powders or granules, 
suspensions or solutions imrater or non-aqueous media, 'capsules, sachets, or tablets. 
Such compositions also cam incorporate thickeners, flavoring agents, diluents, emulsifers, 
dispersing aids, or binders. Compositions for parenteral, intrathecal, or intraventricular 
administration can include, for example, sterile aqueous solutions, which also can coafein 
buffers, diluents, and otiies suitable additives (e.g., pene&ztion enhancers, carrier 
compounds, and other phannaceutically acceptable canms). 

In some embodiments, a composition containing time or more of the isolated 
nucleic acids provided heraai can contain other theraped£c agents such as anti- 
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inflammatory drugs (e.g., nonsteroidal anti-inflammatory drugs and corticosteroids) and 
antiviral drugs (e.g., ribivirin, vidarabsie, acyclovir, and ganciclovir). 

The invention will be further aEsscribed in the following examples, which do not 
limit the scope of the invention described in the claims. 

EXAMPLES 

Exam ple 1 - Constmction of pf .T.TP cassettes confining 
human papilloma viru s (HPV) sequences 
Four pi CLIP cassettes were constructed to contain one stnrad that is a template 
for (1) a cis-acting ribozyme sequence followed by (2) either a sense or antisense 
sequence followed by (3) a cis acting ribozyme sequence (plCLIPs/HPV16c+50-68(H)+GUu; 
p 1CLIPas/HPV16c + 68-50(H) + guu; plCLIPs/HPV1657-77 + uu; andplCLn»As/HPV16 7 7-57 + uu; 
Figures 1-4). The HPV16 50 -68(H) sequence is 5 ' -CCGGAAAGTTACC AC AGTT-3 ' (SEQ 
ID NO: 9), while the HPV16 57 . 7 7 sequence is 5 ' -GTT ACC AC AGTTATGC AC AGA-3 ' 
(SEQ ID NO: 10). The HPV16 sequences used herein were obtained from the Hershey 
strain of HPV16. See, GenBank® Accession Nos. gi3377787, 2196720, 1098775, and 
1098731. In some cases, the HPV16 sequences correspond to theHPV16 sequences 
found in GenBank® Accession No. ©333031. In those cases, theHPV16 50 ^ 8 sequence 
would be 5 ' -CC AG AAA-GTTACGAC AGTT-3 ' (SEQ ID NO: 11)- 

Figures 1-4 contain the predicted structure (mFold program; see, e.g., Zuker and 
Jacobson, RNA, 4:669-679 (1998)) of the RNA molecules transuded from 
P1CLIPS/HPV16C+50-68+GUU; plCLBWHPV16 c+ 68-5<H<3uu; plCUPs/HPV16 5 7-77 + uu; and 
p 1CLIPas/HPV1677-57+uu, respectively. A portion of plCLIPs/HlPV16c+5(W8(H)+Guu 
contains the following sequence: 5^GATCCTTCCGGGCTGAIGAGTCCA- 
ATTGGACGAAACGGTACTCGAGTACCGTCCCCGGAAAGTTACCACAGTTGTT 
GACGGAGAATTCTCCGTCCTGATGAGTCCGGCCGGACGAAACAACTGAGATC 
TTTTTCT AG A-3 ' (SEQ ID NO: A portion of p1CLIPas/HPV16c+68-50(H)+guu 
contains the following sequence: 5*-GGATCCACAGTTGCTGAIGAGTCCAATTG- 
GACGAAACG^ 71, A a ciTAfT'.CYrC. C.A. ACTGTGGTAACnTCCGGG TTGACG 

GAGAATTCTCCGTCCTGATGAOTCCGGCCGGACGAAACXCGGAAGATCTTTTT 

CT AGA-3' (SEQ ID NO: 13). A portion of plCLIPs/HPV1657^ftuu contains the 
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following seqrance: S'-GGATCC TGGTAAC CTGATGAGTCCAATTGSACGAAACG- 
GTACTCGAG^CCGTC GTTACCACAGTTATGCACAGA TTGACGGAGAATTCTC 
CGTCCTGATSAGTCCGGCCGGACGAAATCT^TGAGATCTTTTTCTAGA -3 ' 
(SEQ ID NO: M). A portion of p1CUPas/HPV16 7 7-57+uu contains the friOowing 
sequence: 5 ^t^SATCC GCAC AGA CTG ATGAGTCCAATTGGACGAAACGGTA- 
CTCGAGTAGCGTC TCTGTGCATAACTGTGGTAACT TGACGGAGAATTCTCCGT 
CCTGATGA<^CCGGCCGGACGAAAGTrACCAGATCTTTT^ (SEQ ID 

NO: 15). 

In eachcase, the middle underlined sequence is either the sense arantisense 
sequence thatcBKresponds to an HPV sequeace. The first underlined seqnaice is 
complementary to a first region of the sense or antisense sequence and hdjps position the 
cis-acting ribozyme cleavage site within a few nucleotides of the sense or antisense 
sequence. Ttetast underlined sequence is complementary to a last regianof the sense or 
antisense seqience and helps position the cis-acting ribozyme cleavage iie within a few 
nucleotides ofttie sense or antisense sequence. In some cases, the casselfe can be 
designed suchthat the sense and antisense sequences are further away from the cleavage 
sites. For exanple, the sense and antisense sequences can be designed toie entirely 
within the bulfg shown in Figure 1 at positions 62-69. 

Two jECLEP cassettes are constructed to contain one strand thatisa template for 
(1) a cis-actingiibozyme sequence followed by (2) either a sense or antismse sequence 
followed by (3) a cis acting ribozyme sequence (p2CLIPs/HPV16c+5o-68^6SDu and 
p2CLIPas/HPVI6c+68-50+guu; Figures 5 and 6). 

FigUEKS and 6 contain the predicts structure (mFold program; aae, e.g., Zuker 
and JacobsoAjKV/4, 4:669-679 (1998)) of the RNA molecules transcribed from 
p2CLIPs/HPVl6c+50-68+<3uu and p2CLIPas/HPV16c+68-50-k}uu, respectively. A portion of 
p2CLIPs/HPVI6c+5o-68K5UU contains the following sequence: S'-GGATCA- 
GCTTCGAQCTCTGATGAGTCCGTGAGGACGAAACGGTACCCQETACCGTCAG 
CTCGACCT1C4GATCC CCAGAAAGTTACCACAGTT GTTAATTGATCCGTCGACG 
GATGTAG^ICCGTCCTGATGAGTCCGTGAGGACGAAACGGATCrGCAGCGGA 
TGATCTTnC¥CTAGA-3 ' (SEQ ID NO: 16). The underlined sequenas corresponds 
with the sensessquence, and the bold nucleotide is the nucleotide present in the HPV 
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strain having its sequesske set forth in GenBank Accession No. gi33303 1 . To correspond 
to a Hershey HPV strain sequence, the "A" can be replaced with a "G." In this case, the 
cassette would be designated p2CLIPs/HPV16c+50-63^-Guu. 

A portion of p2CLIP as/HP V16 c +68-50+guu contains the following sequence: 5*- G- 

5 GATCAGCTTCGAGCTCTGATGAGTCCGTGAGGACGAAACGGTACCCGGITACC 
GTCAGCTCGACCTCAGATC CAACTGTGGTAACTTTCTGG GTTAAT^ 
CGACGGATGTAGATCCGTCCTGATGAGTCCGTGAGGACGAAACGGATCTGCA 
GCGGATGATCTTTTECTAGA-3 * (SEQ ED NO: W> The underlined sequence 
corresponds with the aiifisense sequence, and the bold nucleotide is the nucleotide torn 

10 GenBank® Accession 3Ss>. gi33303 1 . To correspond to a Hershey HPV strain seqnmce, 
the T can be replaced! with a "C." In this case, the cassette would be designated 
P 2CLIPas/HPV1 6 c +6W0(H)K}uu. 

To construct theplCLIP cassettes, portions of the constructs were synthesized as 
overlapping oligonucleotides that were combined together to make the pi CLIP cassettes 

15 using standard cloningTectors such as pCRII vector. To construct the p2CLIP casettes, 
the various HPV regiom like HPV16c+50-68+guu are synthesized as overlapping 
oligonucleotides with fte appropriate endonuclease restriction sites on the ends. The 
oligonucleotides are thai digested and ligated into the digested p2CLIP cassette, la each 
case, common mo lecuter cloning techniques similar to those described elsewhere isere or 

20 are used (Benedict et aL, Carcinogenesis, 19:1223-1230 (1998); Schalles et al, Gexe 



Titer. Mol Biol, 3:257-269 (1999); Crone et al, Hepaiology, 29:11 14-1 123 (199SJ; Pan 
et al, UNA, 7:610-621 p001); Zhang et al, Exp. CeMRes., 273:73-84 (2002); andPan et 
al, Mol Ther., 7:129-139 (2003)). 



hepatitis B virus (HBV) ssquences 
Two pi CLIP cassettes were constructed to coastain one strand that is a tem^bte 
for (1) a cis-acting riboszjme sequence followed by (2) either a sense or antisense 
sequence followed by (3) a cis acting ribozyme sequence (plCLIPs/HBV862-882 and 
30 pi CLLPas/HB V 88 2-862). The HBV 8 62-882 sequence is 5*-TTTGGAGCTACTGT- 
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GGAGTTA-3' (SEQ ID NO: 18> The HBV sequences used herein correspond to the 
HBV sequences found in GenBarik® Accession No. X02496. 

A portion of p 1 CLIPs/HBV862-882 contains the following sequence: 5'-AAGCT- 
T CTCCAAA CTGATGAGTCCAATTGGACGAAACGGTACTCGAGTACCGTCTTTG 
G A GCT ACTGTGG AGTT AT TGACGGAGAATTCTCCGTCCTGATG AGTCCGGCCG 
GACGAAAJAACTC AGATCTITTTCT AGA-3 ' (SEQ ID NO: 19). A portion of 
p1CLIPas/HBV882-862 contains the following sequence: 5 ' - AAGCTTGGAGTTACTGAT- 
GAGTCCAATTGGACGA a a ffyyr A PTGG A GT ACCGT CIAACTCCACAGTAGCT 
CCAAAT TGACGGAGAATTCICCGTCCTGATGAGTCCGGCCGGACGAAATTTG 
GAAGATCTTTTTCTAGA-3' |SEQ ID NO: 20). In each case, the middle underlined 
sequence is either the sense or antisense sequence that corresponds to an HBV sequence. 
The first underlined sequence is complementary to a first region of the sense or antisense 
sequence and helps position the cis-acting ribozyme cleavage site within a few 
nucleotides of the sense or antisense sequence. The last undefined sequence is 
complementary to a last region of the sense or antisense sequence and helps position the 
cis-acting ribozyme cleavage site within a few nucleotides offlie sense or antisense 
sequence. In some cases, the cassette can be designed such fhEt the sense and antisense 
sequences are further away from the cleavage sites. 

To construct the p 1 CLIP cassettes, portions of the constructs were synthesized as 
overlapping oligonucleotides tbsfi were combined together to make the pi CLIP cassettes 
using standard cloning vectors snch as pCRII vector. In addiSon, common molecular 
cloning techniques similar to those described elsewhere were used (Benedict et al, 
Carcinogenesis, 19:1223-1230^998); Schalles et al, Genelker. Mol. Biol, 3:257-269 
(1999); Crone et al., Hepatology, 29:1114-1123 (1999); Vsxislal.,RNA, 7:610-621 
(2001); Zhang et al, Exp. CellXss., 273:73-84 (2002); and Pan et al, Mol. Ther., 7:129- 
139 (2003)). 

Examples - Construction of pCHQP cassettes 
Four pi CHOP cassettes were constructed to contain me strand that is a template for 
(1) a cis-acting ribozyme sequence followed by (2) either a saee or antisense sequence 
followed by (3) a cis acting ribfflzyme sequence (plCHOPs/EffV16 c +5o-68(H>K3uu; 
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p 1CHOPas/HPV16 c +68-50(H)+guu; plCHaPs/HPVl 657-77; and PICHO&WHPVI677-57). 
Figures 7 and S contain the predicted struc&ire (mFold program; see, e/:., Zul-cer and 
Jacobson, RNA, 4:669-679 (1998)) of the SNA molecules transcribed £ora 
plCHOPs/HPV16 c +50-68+Guu and plCHGSWHPV16 c +6s-5<HGUu, respesfively. A portion of 
plCHOP s /HPV16 c +50-68+<3UU contains the following sequence: 5'-GGSTCCTTCTGGGCT- 
GATGAGTCCAATTGGACGAAACGATGACATTCTGGTACTCGJ^TACCAGAATGT 
CATCGTCC CCAGAAAGTTACCACAGTTG TTGAGCGCAACGACGCGGAGAATTCTC 
CGCGTCGTTGCGCTCCTGATGAGItCCGGCCGGACGAAACAA^rGAGATCTTTTTC 
TAGA-3' (SEQ ID NO: 21). To correspond to a Hershey HPV strain sequence, the bold "T" 
was replaced with a "C," and the bold "A" was replaced with a "G." 3a this case, the cassette 
was designated plCHOP s /HPV16 c +50-68iS>tGUu- A portion of p1CHO?as/HPV16c+6s-50+guu 
contains the following sequence: 5'- GGATC CACAGTT GCTGATGAGTCCAATTGG- 
ACGAAACGATGACATTCTGGTACICGAGTACCAGAATGTCATCGTCC AACTGTGG 
TAACTTTCTGG GTTGAGCGCAACGACGCGGAGAATTCTCCGQGTCGTTGCGCTCC 
TGATGAGTCCGGCCGGACGAAACCCAGAAGATCTTTTTCTAGA-3' (SEQ ID NO: 
22). To correspond to a Hershey HPV sfeain sequence, the bold "T" -was replaced with a "C," 
and the bold "A" was replaced with a "G." In this case, the cassette was designated 

p 1 CHOPas/HPVI 6 C+ 68-50(H)+GUU. 

Two p2CHOP cassettes are constnacted to contain one strand tb£ is a template for (1) 
a cis-acting ribozyme sequence followedfcy (2) either a sense or antiseise sequence followed 
by (3) a cis acting ribozyme sequence (pJCHOPs/HPV16c+5o-68+Guu a«f 
P2CHOPas/HPV16 c +68-5o+guu; Figures9 and 10). Figures 9 and 10 contain the predicted 
structure (mFold program; see, e.g., Zukerand Jacobson, RNA, 4:669-619 (1998)) of the 
RNA molecules transcribed from p2CHOPs/HPV16 c +5o-68+Guu and p2CHOP A s/HPV16c+6 8 - 
50+Guu, respectively. A portion of p2CHOPs/HPV16c+so-68+Guu contains the following 
sequence: 5 '-GGATCATCCAGCTTTGGAACCCTGATGAGTC- 

CGTGAGGACGAAACGATGACATTC£GCTGACCAGATTCAC<asrCAGCAGAATGT 
CATCGTCGGTTCCAGGATCC CCAGAAAGTTACCACAGTT GTXAATTCCAAGGGTC 
TGCGCAACGACGACGATGAGGTAOCACATCGTCGTCGTTGOSCACTGATGAGGC 
CGTGAGGCCGAAACCCTTGACGCGITCCTATGCGGCCGCTCiaGGATCTTTTTCT 
AGA-3' (SEQ ID NO: 23). To correspond to a Hershey HPV strain seipence, the bold "A" 
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can be replaced witiaa "G." In this case, the cassette would be designated 
p2CHOP s /HPV16 c -rx^s(H)+Guu. A portion of p2CE3Pas/HPV16 c +68-5<hcvu cozfein: the 
following sequence: S' -GGATC ATCCAGCTTTGS AACCCTG ATGAG TCCGTG AGG- 
ACGAAACGATGACATTCTGCTGACCAGATICACGGTCAGCAGAATGIICATCGTCG 
rrrrrr A r T q ATC CAACTGTGGT AACTTTCTGGG TTAATTCCAAGGGTCgGCGC AAC 
GACGACGATGAGGTACCACATCGTCGTCGTFGCGCACTGATGAGGCDSTGAGGC 
CGAAACCCTTGACGCGTTCCTATGCGGCGGCTCTAGGATCTTTTTCTAGA-3 ' (SEQ 
ID NO: 24). To comespond to a Hershey HPV stain sequence, the bold "T" <aibe replaced 
with a "C." In this rase, the cassette would be designated p2CHOPas/HPV1 6<s«s-50(h)+guu- 
To construct flie plCHOP cassettes, portkns of the constructs were syn&esized as 
overlapping oligonnrieotides that were combinedtogether to make the plCHQ? cassettes 
using standard cloning vectors such as pCRII vector. To construct the p2CHaP cassettes, 
the various HPV regions like HPV16 c +50-68+ouu xns synthesized as overlapping 
oligonucleotides wiSa the appropriate endonucleass restriction sites on the ends. The 
oligonucleotides are then digested and ligated into the digested p2CHOP cassette. In each 
case, common molecular cloning techniques simfflar to those described elsewhse were or 
are used (Benedicts al, Carcinogenesis, 19:1225-1230 (1998); Schalles et al^Gene 
Ther. Mol. Biol, 3-251-269 (1999); Crone et al.,Mepatology, 29:1 1 14-1 123 (109); Pan 
et al, RNA, 7:610-£21 (2001); Zhang et al, Exp. Cell Res., 273:73-84 (2002); and Pan et 
al.,Mol. 77jer.,7:12£-139 (2003)). 

Example 4 -Construction of pSIR cassettes from dC LIP and pCHOP cassettes 
The plCLIRsand pICLIPas cassettes wens used to construct pSIR cassettes 
containing one strand that is a template for (1) a cis-acting ribozyme sequence;fellowed 
by (2) a sense sequence followed by (3) a cis ac tin g ribozyme sequence followed by (4) a 
cis-acting ribozyme sequence followed by (5) an antisense sequence followed by (6) a cis 
acting ribozyme sapence (Figure 1 1). Similar jfilR cassettes can be made usbg any 
combination of two m more of the following cass&ies : p 1 CLIPs, p 1 CLL?as, ^22xJ2s, 
P 2CLn>As, plCHOPs, plCHOP AS , p2CHOP s , anip2CHOPAs. Specifically, fte 
p 1 CLIPs/HP V 1 6o«M8(H>K3UU and p1CUPas/HPV16 c ^8-50(h>+guu cassettes wen: used to 
construct pSm/HP¥I6si c +5o-68(H>K3uu; the plCI3?s/HPV16 5 7-77+uu and 
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pCLIPas/HPV1677_57-hju cassettes were used to construct p3St/HPV16si57_77 + uu; and the 
plCLIPs/HBV862-882 and p1CUPas/HBV882-862 cassettes weceused to construct 
pSER/HBVsi862-s82. The RNA liberated from an RNA molecrie transcribed from a ic o xxx 
cassette can form double-stramled RNA capable of inducingRNA interference (Figures 
5 12 and 13). 

A portion of pSIR/HPV16sic+50-68(H)+Guu contains fhefollowing sequence: 5'-GG- 
ATCC TTCCGG GCTGATGAGTCCAATTGGACGAAAS5GTACTCGAGTACCGTCC 
CCGGAAAGTTACCACAGTT GTTGACGGAGAATTC5CCGTCCTGATGAGTCCGG 
CCGGACGAAA CAACTGA GATCC ACAGTTG CTGAimGTCCAATTGGACGAAA 

1 o CGGTACTCGAGTACCGT( XAACTGTGGTAACTTTC3SjGG TTGACGGAGAATTC 
TCCGTCCTGATGAGTCCGGCCGGACGAAACCCGGMGATCTTTTTCTAGA-3' 
(SEQ ID NO: 25). A portion of pSIR/HPV16si 5 7-77+uu c«tains the following sequence: 
5 ' -GGATCC TGGTAAC GCTGATGAGTCC AATTGGA(^AAACGGTACTCGAGT- 
ACCGTC CGTTACCACAGTrATGCACAGA GTTGAOGGAGAATTCTCCGTCCTGA 

1 5 TGAGTCCGGCCGGACGAAATCTGTGAGATCC GCAE^GAG CTGATGAGTCCAA 
TTGGACGAAACGGTACTCGAGTACCGTCC TCTGTgCATAACTGTGGTAAC GTT 
GACGGAGAATTCTCCGTOCTGATGAGTCCGGCC(H£iCGAAAC GTTACC AGAT 
CTTTTTCTAGA-3' (SEQ ID NO: 26). A portion of pSffifflDBVsi 8 62^82 contains the 
following sequence: 5 ' - AAGCT TCTCC AAA CTGATGABTCC AATTGG ACGAAA- 

20 CGGTACTCGAGTACCGTj nTTGGAGCTACTGTGG^gTTAT TGACGGAGAATTC 
TCCGTCCTGATGAGTCCGGCCGGACGAA ATAACTCATGGAGTTA CTGATGAG 
TCCAATTGGACGAAACGOTACTCGAGTACCGTC T&ACTCCACAGTAGCTCCA 
AATTGACGGAGAATTCTCCGTCCTGATGAGTCCGSCCGGACGAA ATTTGGAA 
GATCTTTTTCTAGA-3 ' (SEQ ID NO: 27). 

25 Expression of the pSIR cassettes containing HP V sequences was driven by the 

following U6 promoter sequence: 5 -AAGGTCGGGC AGSAAGAGGGCCTA- 
TTTCCCATGATTCCTTCAIATTTGCATATACGATACAAGGCTGTTAGAGAGAT 
AATTAGAATTAATTTGACTGTAAACACAAAGATAS5AGTACAAAATACGTGA 
CGTAGAAAGTAATAATTlCTTGGGTAGTTTGCAGmTTAAAATTATGTTTTA 

30 AAATGGACTATCATATGCITACCGTAACTTGAAj^ESATTTCGATTTCTTGGCT 
TTATATATCTTGTGGAAAGGACGAAACACC-3 ' (SB&IDNO: 28; Figure 11). 
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Expression of the pSIR cassettes containing HBV sequences was &Lven by the following 

albumin enliancer/promotor sequence: 5' - AGCTTGC AAGC ATAGCA.C AGAGC AAT- 

GTTCTACTTTAATTACTTTCATTTTCTTGTATCCTCACAGCCI&GAAAATAACCT 

GCGTTACAGCATCCACTCAGTATCCCTTGAGCATGAGGTGMTACTACTTAACAT 

AGGGACGAGATGGTACTTTGTGICTCCTGCTCTGTCAGCAiaJGCACTGTACTT 

GCTGATACCAGGGAATGTTTGTTCTTAAATACCATCATTCC^ACGTGTTTGCC 

TTGGCCAGTTTTCCATGTACATGCAGAAAGAAGTTTGGAGJSArCAATACAGTC 

CTCTGCCTTTAAAGCAATAGGAAAAGGCCAACTTGTCrAOS^GTCGACGGATC 

CGGGCTCAAATGGGAGACAAAGAGATTAAGCTCTTATGTAAAATTTGCT 

ACATAACTTTAATGAATGGACAAAGTCTTGTGCATGGGGG3IEGGGGTGGGGTT 

AGAGGGGAACAGCTCCAGATGGCAAACATACGCAAGGGJ5STTAGTCAAACAA 

CTTTTTGGCAAAGATGGTATGAnTTGTAATGGGGTAGGA^CCAATGAAATGCG 

AGGTAAGTATGGTTAATGATCTACAGTTATTGGTTAAAGAMJrATATTAGAGCG 

AGTCTTTCTGCACACAGATCACCTTTCCTAfCAACCCCCCSGATCTCGAAGCrr 

-3' (SEQ ID NO: 29; Figure 11). The underlined sequence is a Hinffll restriction enzyme 

site. 

In each case, common moleculer cloning techniques similarto those described 
elsewhere were used to make the pSIR cassettes (Benedict et al, O&cinogenesis, 
19:1223-1230 (1998); Schalles et al,Gene Tlier. Mol. Biol, 3:252269 (1999); Crone et 
al, Hepatology, 29:1114-1123 (1999);Pan et al, RNA, 7:610-621^001); Zhang et al, 
Exp. Cell Res., 273:73-84 (2002); andPan et al, Mol Titer., 7:12^39 (2003)). 

Kvam ple 5 - Construc&m of pCLIP and pC HOP cagsftes with 
three cis-acting ribozyme sequences (pCLIPhp and p'O IOPhr) 
p2CL!P and p2CHOP cassettes were constructed to containcne strand that is a 
template for (1) a cis-acting ribozyme sequence followed by (2) assise sequence 
followed by (3) a cis acting ribozyme sequence followed by (4) aaaitisense sequence 
followed by (5) a cis-acting ribozyme sequence (p2CLI?hr/^VM^-68 (Figure K,, 
p 2CHOPhr/HPV16 4 7-68 Figure 15);p2CLIPhr/HPV1655-74+uu; andf2CHOPHR/HPV16 5 5- 
74+uu)- The RNA transcribed from these cassettes can form doubl&stranded RNA 
capable of inducing RNA interference (Figure 16). 
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A portion ofp^LrPjWHPVl 647-68 contains the following sequence: 5'-EGA- 
TCAGCTTCGAGCTCEGATGAGTCCGTGAGGACGAAACGGTACCCGGTACCGT 
CAGCTCGACCT^A^ATC GACCCAGAAAGTTACCACAGTT GACGGATGIAGAT 
CCGTCr^^ A T G A-nagr.r.GTGAGGACG AAACTGTGGT A ACTTTCTGGGTCA ATTG 
ATCCGTCGACGGAHGTAGATCCGTCCTGATGAGTCCGTGAGGACGAA&CGGA 
TCTGC AGCGGATG&TCTTTTTCT AGA-3 ' (SEQED NO: 30). A portion of 
p2CHOPHR/HPV16b-68 contains the following sequence: 5 ' -GGATC ATCC AGCTTTGG- 
AACCCTGATGAOTCGTGAGGACGAAACGATGACATTCTGCTGACCASATTC 
ACGGTCAGCA GAj&FGTC ^TCGTCGGTTCCAGGATCGAOCCAGAAAGTIACCA 
CAGTT GACGGAI^AGATCCGTCCTGATGAGTCCGTGAGGACGAAA^GTGG 
TAACTTTCTGGG1CA ATTCCAAGGGTCTGCGCAACGACGACGATGAGGTACC 
ACATCGTCGTCG5TGCGCACTGATGAGGCCGTGAGGCCGAAACCCTIGACGC 
GTTCCTATGCGGOCGCTCTAGGATCTTTTTCTAGA-3 ' (SEQ ID NO: 31). A 

portion of p2CUPhr2KPV16 55 -74+uu contains the following sequence: 5'-GGATCAG- 
CTTCGAGCTCTGJSGAGTCCGTGAGGACGAAACGGTACCCGGTACCGtCAGC 
TCGACCTCA G AT. ^AGTTACCACAGTTATGCACT TGACGGATGTAGA^CCGTC 
CTG * TG A GTCCG3SA GG ACGA A AGTGCATAACTGTGGTAACTT AATTEATCC 
GTCGACGGATGT^BATCCGTCCTGATGAGTCCGTGAGGACGAAACG(MTCTG 
CAGCGGATGATCTTTTTCTAGA-3 ' (SEQ IDKO:32). A portion of 
P2CHOPHR/HPV16JSW+UU contains the following sequence: 5 ' -GGATC ATCC AGCTT- 

tggaaccctgaiga.gtccgtgaggacgaaacgatgacattctgctgm:caga 

TTCACGGTCAG^GAATGTCATCGTCGGTICCAGGATCAAGTTACCMIAGTTA 
TGCACTT GACGG^GTAGATCCGTCCTGATGAGTCCGTGAGGACGA^GTGC 
ATAACTGTGGTAJMCTTA ATTCCAAGGGTCTGCGCAACGACGACGATeAGGTA 
CCACATCGTCGT1KTTGCGCACTGATGAGGCCGTGAGGCCGAAACOCTTGAC 
GCGTTCCTATGCeGCCGCTCTAGGATCTTTTTCTAGA-3' (SEQIDNQ33). In 
each case, the sense;Hid antisense sequences are "ccderlined. 

To constructtbe p2CLIPhr and p2CHOP« cassettes, the various HPVaegions 
like HP VI 647^8 weneaynthesized as overlapping oligonucleotides with the appropriate 
endonuclease restridfen sites on the ends. The oligonucleotides were then digested and 
ligated into the digested p2CLIP or p2CHOP cassette. In each case, common molecular 
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cloning techniques similar to those described elsewhere were ussd (Benedict et al, 
Carcinogenesis, 19:1223-1230 (1998); Schalles et al, Gem Ther. Mol. Biol, 3:257-269 
(1999); Crone et al., Hepatology, 29:1114-1123 (1999); Pan et<ri.,RNA, 7:610-621 
(2001); Zhang et al., Exp. Cell Res., 273:73-84 (2002); and Pane/ al, Mol. Ther., 7: 129- 
139 (2003)). 

Example 6 - Construction of pSNIP cassettes 
pCLIPhr cassettes (pICLIPhr or p2CLIPhr) and pCHO^HR cassettes (pICHOPhr 
or p2CHOPhr) or combinations thereof were combined to conduct pSNIP cassettes 
containing one strand that is a template for (1) a cis-acting ribiayme sequence followed 
by (2) a sense sequence followed by (3) a cis acting ribozyme sequence followed by (4) 
an antisense sequence followed by (5) a cis-acting ribozyme asquence followed by (6) a 
cis-acting ribozyme sequence followed by (7) a sense sequeneas followed by (8) a cis 
acting ribozyme sequence followed by (9) an antisense sequencs followed by (10) a cis- 
acting ribozyme sequence (Figure 17). The pSNIP cassette casjhave the following 
general sequence: 5'-AAGCTT(jEimdIII)CGAGCTCTG/_T^. : ^TCCGTGAGGACGAA- 
ACGGTACCCGGTACCGTCAGCTCGACCTCAGATCT(B^n)CTCGAGCAATTG(M 
feBATCCGTCGACGGATGTAGATCCGTCCTGATGAGTOCGTGAGGACGAAACG 
GATCTGCAGCGGATATCCAGCTTTGGAACCCTGATGABTCCGTGAGGACGAA 
ACGATGACATTCTGCTGACCAGATTCACGGTCAGCAGAATGTCATCGTCGGTT 
CCAGGATCC(BainHI)TTGCCrGAATTC(EcoRI)CAAGGerCTGCGCAACGACGA 
CGATGAGGTACCACATCGTCGTCGTTGCGCACTGATG^GGCCGTGAGGCCGA 
AACCCTTGACGCGTTCCTATGCGGCCGCTCTAGA(Xba5-3 , (SEQ ED NO:34). 

Specifically, the p2CLB?hr/HPV16 4 7. 68 and p2CHOPidHPVl 647-68 cassettes were 
used to form pSNIP/HPV 1647^55 which contains the following-sequence: 5'-GGATC- 
AGCTTCGAGCTCTGATGAGTCCGTGAGGACGAAACGffTACCCGGTACCGTCA 
GCTCGACCTCAGATC GACCCAGAAAGTTACCACAG TTFgACGGATGTAGATCC 
GTCCTGATGAGTCCGTGAGGACGAA ACTGTGGTAACrTTCTGGGTCA ATTGAT 
CCGTCGACGGATGTAGATCCGTCCTGATGAGTCCGTGiGGACGAAACGGATC 
TGCAGCGGATATCCAGCTTTGGAACCCTGATGAGTCCSTGAGGACGAAACGA 
TGACATTCTGCTGACCAGATTCACGGTCAGCAGAATXSICATCGTCGGTTCCAG 
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a A TOA r.CC AGAAAGTT ACC AC AGTTG ACGG ATGT AGATCQGTCCTG ATGAG 
TCCGTGAGGACGA A A CTGTGGT AACTT TCTGGGTC .- ATT 2 GAAGGGTCTG CGC 
AACGACGACGATGAGGTACCACA1CGTCGTCGTTGCGCACESATGAGGCCGT 
GAGGCCGAAACCCTTGACGCGTTCCTATGCGGCCGCTCTAC^ATCTTTTTCTA 

GA-3' (SEQIDNO: 35). 

The P 2CLIPhr/HPV1655-74 + uu airfp2CHOPHR/HPV16 5 5-74 + UD*assettes were used 
to form pSNIP/HPV16s5-74+uu, which contains the following sequence: 5 ' -GG ATC AGC- 
TTCGAGCTCTGATGAGTCCGTGAQGACGAAACGGTACCCGSrACCGTCAGCT 
r-rf a CCTC A G A Tf! A A GTT ACC AC AGT T ATGC ACTT G ACGG ATOT AG ATCCGTCC 
TGATG A ^TrrrTTfi A GG A CG A A ACTGC ATAACTGTGGTAACITTA ATTGATCCG 
TCGACGGATGTAGATCCGTCCTGATGAGTCCGTGAGGACGAAACGGATCTGC 
AGCGGATATCCAGCTTTGGAACCCTGATGAGTCCGTGAGGbaCGAAACGATGA 
CATTCTGCTGACCAGATTCACGGTDCAGCAGAATGTCATCG'ICGGTTCCAGGAT 
C AAGTTACr.ACAGTTATGCACTTG ACGGATGTAGATCCGTCCTGATGAGTCCG 
T o a ndAcnA A AGTGC AT A ACTGTGGTAACTTAATTCCAAGSGTCTGCGCAAC 
GACGACGATGAGGTACCACATCGICGTCGTTGCGCACTGAmAGGCCGTGAG 
GCCGAAACCCTTGACGCGTTCCOTGCGGCCGCTCTAGGATCTTTTTCTAGA- 

3' (SEQIDNO: 36). 

A pSNIP cassette was constructed to contain the following DKA fragment, which 
is a template for sense and antisense HBV sequences (HBVgeo-ssi) flaiidng a cis-acting 
ribozyme sequence: V-GATC A ATTTGGAGCTACT GTGGAGTTGACGGATGTAG- 
ATCCGTCCTGATGAGTCCGTGAGGACGA A A CTCC ACAGTAfiCTCC AAATTAA 
TT-3' (SEQ ID NO: 37). A portion of<flns cassette (pSNEP/HBVgeosssi) contains the 
following sequence: 5'- AAGCTTCGACCTCTGATGAGTCCGT(MGGACGAA- 
ACGGTACCCGGT A A nrrHRA CCTC AG ATC A ATTTGGA.GCTACTGTGGA 

GTTGACGGATGTAGATCCGTCCTGATGAGTCCGTGAGGAQGAAACTCCACAG 
TAGCTCCAAATT AATTGATCCGTGGACGGATGTAGATCCG5CCTGATGAGTCC 
GTGAGGACGAAACGGATCTGCAGCGGATATCCAGCTTTGGAACCCTGATGAG 
TCCGTGAGGACGAAACGATGACATrCTGCTGACCAGATTCaCGGTCAGCAGA 
A TGT^* 1 A TCGTCGGTTCC A GG AT CAATTTGGAGCTACTGTGGAGTT GACGGATG 
TAGATCCGTCCTGATGAGTCCGTGAGGACGA A ACTCCACACTAGCTCCAAAT 
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TAATTCCAAGGGTCTGCGCAACGACGACG^TGAGGTACCACATCGUCGTCGT 
TGCGCACTGATGAGGCCGTGAGGCCGAA&CCCTTGACC ?."7 :37ATGCGGC 

CGCTCTAG A-3 * (|SEQ ID NO: 38). 

These casseUtes were constructed using common molecular cloning tedmiques 
similar to those desniibed elsewhere (Benedict eZal., Carcinogenesis, 19:1223-1230 
(1998); Schalles et<d., Gene Titer. Mol. Biol, 3357-269 (1999); Crone etaU 
Hepatology, 29:1114-1123 (1999); Pan et al, MA, 7:610-621 (2001); Zhange* al, Exp. 
Cell Res., 273:73-M (2002); and Pan et al, Mol Ther., 7: 129-139 (2003)). 

Example 7 - Conifiruction of oCLIP and nCHqS* cassettes w ith hairpin loop sequences 
Three plCXIP cassettes were constructed to contain one strand that isa template 
for (1) a cis-actingribozyme sequence followedby (2) a hairpin loop sequence where the 
stem portion contains sense and antisense sequerces followed by (3) a cis acfiig 
ribozyme sequence (pi CLIPhp/HPV16c+50-68(h>«5Uu; plCLDWHPV 1657.7?;^ 
plCLEpHp/HBVsfaasK)- hi addition, a p2CLIPh^HPV16c+50-68(h)+guu construct was made. 
Figure 18 contains Use predicted structure (mFolfi program; see, e.g., Zuker anS Jacobson, 
UNA, 4:669-679 (2S98)) of the RNA molecules '^transcribed from p2CLI?Hp/HPV16c+50- 
68+cuu- Similar cassettes can be made using pCBOP sequences. The RNA transcribed 
from pCLIPhp andjCHOPHP cassettes can formsngle-stranded RNA capable of forming 
a hairpin loop struttare, which can induce RNAirterference (Figure 19). 

A portionaf p1CLIPhp/HPV16c + so-68(I9guu contains the following science: 5'- 
GGATCCTTCC^GCTGATGAGTCCAATIGGACGAAACGGTACTCGAGTACCG 

TC CCCGGA A AGTTACC ACAGTTG TTC AA5ACCC A ACTGTGGTAACTTTCCGGG 
TTGACGGAGAAlTCTCCGTCCTGATGAGroCGGCCGGACGAAACCCGGAAGA 
TCTTTTTCTAGA-3 ' (SEQIDNO: 39). A portion of pICLIPhp/HPVI 657-1:7 contains 
the following sequence: S'-GGATCC TGGTAiyCC TGATGAGTCCAATTGSACG- 
\ ft nnnT A rTHRA OT A rHGTG GTT ACC Af^GTT ATGC AC AG AT TGM.GACCTC 
TGTGCATAACIGTGGTAACT rGACGGAG^TTCTCCGTCCTGATGiftGTCCGGC 
CGGACGAAAGJ^TACC AGATCTTTTTCT AEA.-3 ' (SEQ ID NO: 40). Afwrtion of 
plCLTPHp/HBV 8 6a«2 contains the following segBnce: 5 ' -AAGCTTCTCCAjAACT- 
GATGAGTCCAAITGGACGAAACGGTACm^AGTACCGTCTTTGGA^CTACTGT 
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GGAGTTAT TCAAGAC CT^CTCCACAGTAGCTCCAAAT TGACGGAGAATTO^ 

CGTCCTGATGAGTCCGKKGGACGAAATTTGGAAGATC 

(SEQ ID NO: 41). 

Two p1CLIPhp/HB¥^-882 cassettes were joined together to form a cassette 
containing one strand that issatemplate for (1) a cis- acting ribozyme sequence followed 
by (2) a hairpin loop sequencswhere the stem portion contains sense and antisense 
sequences followed by (3) a cis acting ribozyme sequence followed by (4) a cis-acting 
ribozyme sequence foUowecl&y (5) a hairpin loop sequence where the stem portion 
contains sense and antisenseffiquences followed by (6) a cis acting ribozyme sequence 
(plCLIPHP-double/HBVgs^. A portion of plCLIPHP-double/HBV862-882 contains the 
following sequence: 5 ^Aj^CTT CTCC AAA CTGATGAGTCCAATTGGACG- 
A A A r.frOT A CTCGA GT^CGTC TTTGGAGCT ACTGTGGAGTT AT TC AAGACCTA 
ACTCCACAGTAGCTCOMAT TGACGGAGAATTCTCCGTCCTGATGAGTCCG^ 
CGGACGAA ATTTGGAAICTCCAAA CTGATGAGTCCAATTGGACGAAACGG 
CTCGAGTACCGTCTTTO^ 

GTAGCTCCAAAT TGACT55AGAATTCTCCGTCCTGATGAGTCCGGCCGGACGA 
AA TTTGG AA GATCTTTirCTAG A- 3 ? (SEQ ID NO: 42). 

Each cassette was constructed using common molecular cloning techniques 
similar to those describedhssin and elsewhere (Benedict et al., Carcinogenesis, 
19:1223-1230 (1998); Scha&s et aL, Gene Ther. MoL Biol, 3:257-269 (1999); Crone ef 
al, Hepatology, 29:1 1 14-M23 (1999); Pan et aL, UNA, 7:610-621 (2001); Zhang et aU 
Exp. Cell Res., 273:73-84<gfl02); and Pan et aL, MoL Ther., 7:129-139 (2003)). 

Example 8 - In Vivo screen 
A modified versiomtcfthe Flp-In system commercially available from Invitrogen 
is used in conjunction wifblnman 293 embryonic kidney cells as follows (Figure 20). An 
HPV16 E6/E7 target sequcnts is cloned between the HhrMI and EcoRV restriction 
endonuclease sites of pcDMt5-FRT such that transcription of the HPV mRNA is undo: 
control of the CMV promotes The various sequences to be tested (library sequences) 
flanked by two U6 promoteisequences such that each strand is transcribed are cloned iz£o 
the Sapl site of pcDNA5-EET. These library sequences csn be randomly generated 
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sequences or sequences obtained from an in vitro screening process (Figure 21). The 
DNA encoding a red fluorescent protein (RFP) is added to the vector, either upstream or 
downstream from the DNA encoding the HPV16 E6/E7 target. Wbssa the HPV16 E6/E7 
target mRNA is effectively destroyed, loss of fluorescence occurs. 

These constructs are then co-transfected together with pOX£44 constructs (which 
produce the recombinase) into the Flp-In 293 cell line. These cells are resistant to Zeocin 
selection and express RFP. Selection of stably transfected cells ^performed using 20 
fig/mL of Hygromycin B. After recombination, the cells becomeaensitive to Zeocin and 
fluorescence is lost when the HPV16 E6/E7 target mRNA is degreed. After clonal 
expansion of the stably transfected cells that show reduced fluorescence, the identity of 
the sequence responsible for the degradation is determined usingK^R-based sequencing. 

An HPV16 47 -68(H) sequence was placed between the U6ftomoter sequences and 
tested for the ability to reduce fluorescence. In addition, an HPVI657-77 sequence was 
placed between the U6 promoter sequences and tested for the abSly to reduce 
fluorescence. In both cases, transfected cells exhibited reduced feorescence when 
compared to control cells. 

Example 9 - Reduction of mRNA levels withm cells 
The following cassettes were tested for the ability to redia^mRNA levels within 

cells: p1CLIPhp/HPV16c+50^8 and 
plCLIPAs/HPV16c-f68-50(H)+Guu); P lCLJPsfHP V 1 6 c+ 5o-68(H)+guu; i2CLIPhr/HP V 1 647-68; 
p2CHOP H R/HPV16 4 7-68; and pSIR (plCL!Ps/HPV1657-77(H>K5uua2d p1CLIPas/HPV16 77 - 
57(H)+guu). Constructs containing the various cassettes driven byaU6 promoter were co- 
transfected together with pOG44 constructs (which produce theseGombinase) into the 
Flp-In 293 cell line. Each construct also contained an HPV16 setpence under the control 
of a CMV promoter. After 30 days of selection, RNA was isolate* from the cells and 
real-time PCR was used to measure HPV 16 target RNA levels asdescribed in Pan et al. 
(Mol. Ther., 7:129-139 (2003)). 

A significant reduction in target mRNA was detected forsdls containing the pSIR 
(plCLIPs/HPV1657.77(H)-K3uu and p1CLIPas/HPV1677.57(H)k;uu) cassette (Figure 22). No 
reduction was detected for cells containing the p 1 CLIPs/HP V 1 6ghso-68(h)+guu or pSIR 
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(plCLIPs/HPVll6c + 5o-68(H)+Guu and p1CLIPas*HPV16c+6s-50(H)+guu) cassias. Likewise, 
no reduction was detected for cells containing fiae control cassette. The HPVI657. 
77(H>+guu sequence contains 21 nucleotides in common with the target, while the 
HPV16c+ 50 ^8(i^cuu has 19 nucleotides in coamnon with the target. Thesenesults 
demonstrate thaS&e 21-nucleotide sequence 5s more effective than the 19-niEcleotide 
sequence in inducing RNA interference. 

A significant reduction in target mRNA also was detected for cells wmtaining the 
P2CLIPHR/HPVI647.68 cassette and for cells obtaining the p2CHOP H R/HFV16 4 7-68 
cassette. In thess cases, the cassettes contained a sequence having one mismatch with 
respect to the taiget sequence. These results demonstrate that sequences basing a 
mismatch can la used to induce RNA interference. In addition, the p2CHDP cassette 
appeared more effective than the p2CLIP cassette. These results demonstrate that the 
degree of RNAirterference can be modulated by altering the ribozyme segsences 
flanking the sease and/or antisense sequences. 

In a sepwate experiment, the following cassettes were tested for the ability to 
reduce mRNAfevels within cells: plCLIPsWV16 c +50-68(H)+Guu; p 1 CLIPWHPV 1 6c+68- 
50(hhguu; pSm.^?lCLIP s /HPV16c + 50-58(H)+<;D]3and plCLn\ s /HPVl6c+68-ss504Guu); 
P1CLIPhp/HPV16c+50-68(H)+guu; pSEEL (plCLaPHp/HPV16 c +50-68(H)+GUU and 
P 1CLIPhp/HP¥E6c+50^8(h)+guu); p2CLIPhpMPV16c+50-68(h)+guu; p2CHQPhp/HPV16 c + 5 o- 
68(H>«3uu; pSNrP(p2CLEP H p/HPV16c+50-68(H)«uu and p2CHOPHp/HPV16c?50-68(H>fGuu); 
p 2CLIPhr/HPV1647-68; p2CHOP H r/HPV164M8; and pSNE? (p2CLn> H R/HPV16 4 7-68 and 
p2CHOPhr/HPV16 47 -6 8 )- Constructs containing the various cassettes drrem by a U6 
promoter wereao-transfected together withf<0G44 constructs (which praSace the 
recombinase) into the Flp-In 293 cell line. Each construct also contained am HPV16 
sequence underlie control of a CMV promoter. One day after transfection, total RNA 
was isolated from the cells, and quantitative iPCR was used to measure HP VI 6 target 
RNA levels. He control was cells transfectnd with an empty pSNDP (p2CUP and 
p2CHOP) cassette. 

A reduEfon in target mRNA was detected for cells containing thefSIR 

(plCLIPs/HPV16c+50-68(H)+GUU and plCLIPABiHPV16c+68-50(H)+GUu); 

p1CLIPhp/HPVI6c+5o-68(h)+guu; pSIR (p1CLTPhp/HPV16 c +50^8(H)+guu and 
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P 1CLIPhp/HPV16c + 50-63^guu); pSNIP (p2CUPw/HFV16 c+ 50-6SQV+GUu and 
p 2CHOPhp/HPV16 c+ 50-68i^guu); P 2CLIPhr/HPV164 7 ^ P 2CHOPhr/HPV1 647-53; and 
pSNIP ( p 2CLIPhr/HPV1& { 7-68 and p2CHOPhr/HPV168W8) cassettes when compart to 
the levels observed in control cells (Figure 23). In addtfon, a detectable reductions 
measured for cells containing the p 1CLIPs/HPV16c + 5mb(h)+guu; p 1 CLIP as/HP VI fees- 
50 (H>K3uu; P 2CLIPHp/HPVfl6c + 50-68(H) + Guu; and p2CHOIfe>/HP V 1 6 c+ so*SQr)+GW cassis 
(Figure 23). 

In another experiment, the following cassettes were tested for the ability to reduce 
mRNA levels within cells plCLIPs/HPV16c+50.68(H)«HDo; p1CLIPas/HPV16 c +68-50PP€;uu; 
pSIR (plCLIPs/HPV16o ! a^68(H)+GUU and p1CLIPas/HPV16c+68-50(H)+guu); 
p 1CLIPhp/HPV16c + 50-68P)4<3uu; pSIR (p1CLIPhp/HP¥16c + 50-68(H)+guu and 
plCLIPHp/HPViec+so^D+auu); P 2CLIPhr/HPV164M8; p2CHOPhr/HPV16 4 7-6 8 ; aid 
pSNIP (p2CLIPhr/HPV13>47-68 and p2CHOP H r/HPV1S,7-68). Constructs containingftie 
various cassettes driventey a U6 promoter were co-traisfected together with pOG44 
constructs (which prodose the recombinase) into theBfc-In 293 cell line. Each comfruct 
also contained an HPV1& sequence under the controls aU6 promoter. Two days after 
transfection, total RNA^ras isolated from the cells, an£ quantitative PCR was use&£> 
measure HPV16 target ENA levels. The control wasaslls transfected with an emp^- 
pSNIP (p2CLIP and p2CHOP) cassette. In addition, sslls transfected with a cassette 
containing a pSNIP-type of arrangement with trans-acfcig rybozymes targeting thefeget 
mRNA (as opposed to ssnse and antisense sequencer-were used. This cassette coiflmned 
one p2CLIP and one p2OI0P, with each being capaHb of transcribing a trans-acthg 
ribozyme directed agaiist the HPV16 50 -68 region. 

A reduction in taifet mRNA was detected fortcells containing each cassette 
(Figure 23). The largest reduction in target mRNA was observed in cells containingthe 
pSIR (plCLIPs/HPV16i35o-68(H)+GUU andplCLIPAs/HPV16c+68-50(H)+Guu); pSIR 
(plCLIPHp/HPV16c + 5o-sffH>«3uu andplCLIPHp/HPVI6c+50-68(H)+Guu); andpSNIP 
(p2CLIPHR/HPV1647^»aadp2CHOPHR/HPV1647^8)<c2ssettes. These results dcinc^avC 
that the reductions in taxg* mRNA levels can be gresfer with respect to control lei^s 
when the U6 promoter is used instead of the CMV pnaaoter. 
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OTHER EMBODIMENTS 

It is to be understood that while the invention has been ascribed in conjunction 
with the detailed description thereof, the foregoing description^ intended to illustrate and 
not limit the scope of the invention, which is defined by the scaqpe of the appended claims. 
Other aspects, advantages, and modifications are within the scape of the following 
claims. 
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WHAT IS CLAIMED IS: 

1 . An isrihted nucleic acid comprising a strand that is a template fcran RNA 
molecule ttefi comprises a sense nucleic add sequence, an antisense nmBac acid 
sequence, anfia cis-acting ribozyme sequence, wherein said sense nuclsbacid sequence 
is complemerfery to said antisense nucleic acid sequence, and whereinasid sense and 
antisense mufiac acid sequences form double-stranded RNA upon cleaasge of said RNA 
molecule by said cis-acting ribozyme sequence. 

2. The isolated nucleic acid of claim 1, wherein said antisense nuiSac acid sequence 
is complementary to a viral mRNA sequence. 

3. Theiaolated nucleic acid of claim I, wherein said antisense nudfcic acid sequence 
is compleroaitary to a mammalian mRNA sequence. 

4. The delated nucleic acid of claim 1, wherein said sense nucleicasrid sequence is 
at least 1 5 nucleotides in length. 

5. The isolated nucleic acid of claim 1, wherein said sense nucleic ssid sequence is 
from about 33 to about 300 nucleotides in length. 

6. Theiaolated nucleic acid of claim 1, wherein said sense nucleieacid sequence is 
from about E5 to about 50 nucleotides in length. 

7. The:isolated nucleic acid of claim 1, wherein said sense nucleiEacid sequence 
comprises €he sequence as set forth in SEQID NO: 1, 2, 3, 4, 5, 6, 43,4*1, 45, 46, 47, 4S, 
49, 50,51,S,53,or 54. 

8. Theiolated nucleic acid of claim 1, wherein said cis-acting rflazyme sequence is 
3' of said seise nucleic acid sequence or said antisense nucleic acid s^snce. 
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9. The isolated nscleic acid of claim 1 , whesia said cis-acting ribozyme sequence is 
3' of said sense nucleic acid sequence and said anfesnse nucleic acid sequent. 

10. The isolated uicleic acid of claim 1, whereb said cis-acting ribozyme sapience is 
5' of said sense nuchas acid sequence or said antismse nucleic acid sequence. 

11. The isolatedaucleic acid of claim 1 , wharaih said cis-acting ribozyme sapience is 
5' of said sense nuctms acid sequence and said arftsense nucleic acid sequence. 

12. The isolatedaucleic acid of claim 1, wheisia said cis-acting ribozyme sequence is 
between said senseiacleic acid sequence and saiflmtisense nucleic acid sequente. 

13. The isolatedimcleic acid of claim 1, wheran said nucleic acid is double stranded. 

14. The isolatedaucleic acid of claim 1, whensi said nucleic acid is single afiranded. 

■ 5 n "h= isolateiirrc 1 acid of claim 1, wherein said nv. ;leic acid is DNA. 

16. The isolatedimcleic acid of claim 1, wheran said nucleic acid is RNA. 

17. The isolatedmicleic acid of claim 1 , whencm said nucleic acid comprises a 
restriction site. 

18. The isolatetocleic acid of claim 1, wherea said nucleic acid is a plasnrid. 

19. The isolatea-eucleic acid of claim 1, whessm said nucleic acid comprisesa 
promoter sequence*at promotes transcription of said RNA molecule. 

20. The isolatenwicleic acid of claim 1 9, wbseein said promoter sequencer a tissue- 
specific promoter, cdl-specific promoter, or patfcogen-specific promoter. 



67 



0 



:T/US2004/005400 

\VO 2005/017127 



21. The isolated nucleic ac5A of claim 19, wherein said promoter sequence promotes 
transcription by RNA polymerase II. 

22. The isolated nucleic acifl of claim 19, wherein said promoter sequence promotes 
transcription by RNA polymerase III. 

23. The isolated nucleic ao* of claim 19, wherein said promoter sequence is an HI 
promoter sequence or a U6 promoter sequence. 

24. The isolated nucleic acMof claim 19, wherein said promoter sequence is selected 
from the group consisting of amouse albumin enhancer promoter sequence, a transferrin 
promoter sequence, a probasinpromoter sequence, and a whey acidic protein promoter 
sequence. 

25. The isolated nucleic acM of claim 19, wherein said promoter sequence is selected 
from the group consisting of atoatin 7 promoter sequence, a keratin 13 promoter 
sequence, and a keratin enhance: promoter sequence. 

26. The isolated nucleic acafiof claim 1, wherein said RKA molecule is transcribed 
from said nucleic acid when saifi nucleic acid is within a celL 

27. The isolated nucleic aoi of claim 26, wherein said cdl is selected from the group 
consisting of kidney cells, skmcells, liver cells, neurons, rnnscle cells, and lymphocytes. 

28. The isolated nucleic addof claim 1, wherein said strand is a template for more 
than one cis-acting ribozyme sequence. 

29. The isolated nucleic acid of claim 28, Wxierein each of said more than one cis- 
acting ribozyme sequence is diifcrent. 
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30. The isolated nucleic acid of claim 28, wherein one of said monathan one cis- 
acting ribozyme sequence is 5' of said sense nucleic acid sequence and said antisense 
nucleic acid sequence. 

3 1 . The isolated nucleic acid of claim 30, wherein another of saidsrcore than one cis- 
acting ribozyme sequence is 3' of said sense nucleic acid sequence and said antisense 
nucleic acid sequence. 

32. The isolated nucleic acid of claim 28, wherein said sense nucleic acid sequence 
and said antisense nucleic acid sequence sre each flanked by at least xaase of said more 
than one cis-acting ribozyme sequence. 

33. The isolated nucleic acid of claim 32, wherein said strand is a template for three 
cis-acting ribozyme sequences. 

34. An isolated nucleic acid compri^ag a strand that is a template for an RNA 
molecuK that comprises a sense nucleic add sequence, an antisense rn^leic acid 
sequence, and a cis-acting ribozyme sequence, wherein said sense nucleic acid sequence 
is complementary to said antisense nuclei acid sequence, wherein saM sense and 
antisense nucleic acid sequences form a single-stranded RNA upon cleavage of said RNA 
molecule by said cis-acting ribozyme sequence, and wherein said single-stranded RNA 
contains no more than one hairpin loopsteucture and lacks RNA cleaning activity. 

35. The isolated nucleic acid of claim34, wherein said cis-acting ribozyme sequence 
is 3' of said sense nucleic acid sequence and said antisense nucleic acid sequence. 

36. The isolated nucleic acid of claim34, wherein said cis-actingaflbozyme sequence 
is 5' of saiu sense nucleic acid sequence and said antisense nucieio acid sequence. 

37. The isolated nucleic acid of claim34, wherein said nucleic acMis double 
stranded. 
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38. The isolated mucleic acid of claim 34, whaein said nucleic acid is singfe stranded. 

39. The isolatafl nucleic acid of claim 34, wfcerein said nucleic acid is DKEL 

5 

40. The isolated micleic acid of claim 34, whsrein said nucleic acid is RISK.. 

41. The isolated micleic acid of claim 34, wfasrein said nucleic acid composes a 
promoter sequence titat promotes transcription of said RNA molecule. 

10 

42. The isolated nucleic acid of claim 34, wftaerein said promoter sequencspromotes 
transcription by RNA polymerase II. 

43. The isolated nucleic acid of claim 34, wha-ein said strand is a template&r more 
1 5 than one cis-actingsibozyme sequence. 

44. The isolate nucleic acid of claim 43, wi^rein eoch of said more than -me cis- 
acting ribozyme sespence is different. 

20 45. The isolate&nucleic acid of claim 43, whsrein one of said more than ©is cis- 
acting ribozyme sapience is 5' of said sense nucleic acid sequence and said aitisense 
nucleic acid sequeace, and wherein another of aid more than one cis-actingrSozyme 
sequence is 3' of^M sense nucleic acid sequems and said antisense nucleicasdd 

sequence. 

25 

46. An isolated micleic acid comprising an SNA strand that comprises assonse nucleic 
acid sequence, anastisense nucleic acid sequence, and a cis-acting ribozymesequence, 
wherein said sens&32ccleic acid sequence is complementary to saiu antisenseiorcleic a^xd 
sequence, and whesein said sense and antisense aucleic acid sequences formJduble- 
30 stranded RNA upcaaeleavage of said RNA strand by said cis-acting ribozymesEquence. 
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47. The isolated nucleic ac53 of claim 46, wherein said rroleic acid is single stranded. 

48. The isolated nucleic acifl of claim 46, wherein said EJSA strand comprises more 
than one cis-acting ribozyme sequence. 

5 

49. The isolated nucleic acid of claim 48, wherein each of said more than one cis- 
acting ribozyme sequence is different 

50. The isolated nucleic acM of claim 48, wherein said seeks e nucleic acid sequence 
10 and said antisense nucleic acid sequence are each flanked byai least one of said more 

than one cis-acting ribozyme sequence. 

51. An isolated nucleic acif comprising an RNA strand tftat comprises a sense nuclei? 
acid sequence, an antisense nuxSsic acid sequence, and a cis-acting ribozyme sequence, 

15 wherein said sense nucleic acid sequence is complementary to said antisense nucleic acid 
sequence, wherein said sense md antisense nucleic acid sequences form a single-stranded 

RNA upon cleavage of said s: -and by said cis-acting rit : zy .? : ^ ^er, r 
wherein said single-stranded JSMA contains no more than onehairpin loop structure and 
lacks RNA cleaving activity. 

20 

52. The isolated nucleic acid of claim 51, wherein saidnocleic acid is single stranded. 

53. The isolated nucleic ariki of claim 51, wherein saidKSA strand comprises more 
than one cis-acting ribozyme sequence. 

25 

54. The isolated nucleic acad of claim 53, wherein eachnafsaid more than one cis- 
acting ribozyme sequence is different. 

55. The isolated nucleic of claim 53, wherein one affsaid more than one cis- 
30 acting ribozyme sequence is 5*srf said sense nucleic acid segrence and said antisense 

nucleic acid sequence, and whscein another of said more thanone cis-acting ribozyme 
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sequence is 3' of said sense nucleic acid sequence and said antisense aucleic acid 
sequence. 

56. A composition comprising a pharmaceutical^ acceptable caufer and an isolated 
nucleic acid selected from the group consisting of: 

(a) isolated nucleic acids comprising a strand that is a template for an RNA 
molecule that comprises a sense nucleic acid sequence, an antisens«mcleic acid 
sequence, and a cis-acting ribozyme sequence, wherein said sense*acleic acid sequence 
is complementary to said antisense nucleic acid sequence, and wherah said sense and 
antisense nucleic acid sequences form double-stranded RNA upon rikavage of said RNA 
molecule by said cis-acting ribozyme sequence, 

(b) isolated nucleic acids comprising a strand that is a template for an RNA 
molecule that comprises a sense nucleic acid sequence, an antisensenncleic acid 
sequence, and a cis-acting ribozyme sequence, wherein said sense msleic acid sequence 
is complementary to said antisense nucleic acid sequence, whereinsaid sense and 
antisense nucleic acid sequences forma single-stranded RNA upondeavage of said RNA 

< - : • -- e.r : r "lie- sir? aded RI ' - 

contains ro re ore than one hairpin loop structure and lacks RNA clemng activity, 

(c) isolated nucleic acids comprising an RNA strand that ccmprises a sense 
nucleic acid sequence, an antisense nucleic acid sequence, and a cis-aeting ribozyme 
sequence, wherein said sense nucleic add sequence is complementary to said antisense 
nucleic acid sequence, and wherein saad sense and antisense nucleicarid sequences form 
double-stranded RNA upon cleavage off said RNA strand by said ca&acting ribozyme 
sequence, and 

(d) isolated nucleic acids comprising an RNA strand that comprises a sense 
nucleic acid sequence, an antisense nucleic acid sequence, and a cis«ting ribozyme 
sequence, wherein said sense nucleic arid sequence is complemented to said antisense 
nucieic acid sequence, wherein said seuse and antisense nucleic ad&jsquences form a 
single-stranded RNA upon cleavage of said RNA strand by said cis«ting ribozyme 
sequence, and wherein said single-stranded RNA contains no morei&an one hairpin loop 
structure and lacks RNA cleaving activity. 
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57. An isolated cell comprising an isolated nucleic acid selected from thegioup 
consisting of: 

(a) isolated mucleic acids comprising a strand that is a template for anMlA 
molecule that comprises a sense nucleic acid sequence, an antisense nucleicacid 
sequence, and a cis-acting ribozyme sequence, wherein said sense nucleic acizisequence 
is complementary to said antisense nucleic acid sequence, and wherein saidsmse and 
antisense nucleic acid sequences form double-stranded RNA upon cleavage^ said RNA 
molecule by said cfe-acting ribozyme sequence, 

(b) isolated nucleic acids comprising a strand that is a template for asnHNA 
molecule that comprises a sense nucleic acid sequence, an antisense nucleic^sdd 
sequence, and a dfe-acting ribozyme sequence, wherein said sense nucleic axad sequence 
is complementary to said antisense nucleic acid sequence, wherein said semaand 
antisense nucleic arid sequences form a single-stranded RNA upon cleavageaf said RNA 
molecule by saidiss-acting ribozyme sequence, and wherein said single-steadied RNA 
contains no more than one hairpin loop structure and lacks RNA cleaving aa&vity, 

(c) isolatednucleic acids comprising n NA s ?r:d x™X comprises a~ense 
nucleic acid sequooce, an antisense nucleic acid sequence, and a cis-acting iSozyme 
sequence, whereas said sense nucleic acid sequence is complementary to sait antisense 
nucleic acid sequence, and wherein said sense and antisense nucleic acid segpsnces form 
double-stranded RNA upon cleavage of said RNA strand by said cis-actingifijozyme 
sequence, and 

(d) isolated nucleic acids comprising an RNA strand that comprisessasense 
nucleic acid sequea^e, an antisense nucleic acid sequence, and a cis-actingsnbozyme 
sequence, whereinsaid sense nucleic acid sequence is complementary to salftantisense 
nucleic acid sequence, wherein said sense and antisense nucleic acid sequences form a 
single-stranded KNA upon cleavage of said RNA strand by said cis-actingiftozyme 
sequence, and wirarein said single-suandea i\i\LA contains no u,.Oi.e thki* ot&^i'cp^\ xoop 
structure and lacfeiRNA cleaving activity. 

58. A virus ccmprising an isolated nucleic acid selected from the group -ransisting of: 
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(a) isolated nucleic acids comprising a strand that is a template for an RNA 
molecule that comprises a sense nucleic acid sequence, an anSsense nucleic acid 
sequence, and a cis-acting ribozyme sequence, wherein said sense nucleic acid sequence 
is complementary to said antissase nucleic acid sequence, and wherein said sense and 
antisense nucleic acid sequences form double-stranded RNA upon cleavage of said RNA 
molecule by said cis-acting ribozyme sequence, 

(b) isolated nucleic acids comprising a strand that is a template for an RNA 
molecule that comprises a sense nucleic acid sequence, anaitisense nucleic acid 
sequence, and a cis-acting ribozyme sequence, wherein said sense nucleic acid sequence 
is complementary to said anti^ase nucleic acid sequence, Therein said sense and 
antisense nucleic acid sequences form a single-stranded RNA upon cleavage of said RNA 
molecule by said cis-acting ribozyme sequence, and wherein said single-stranded RNA 
contains no more than one hakpin loop structure and lacks SNA cleaving activity, 

(c) isolated nucleic adds comprising an RNA strandtSiat comprises a sense 
nucleic acid sequence, an antisense nucleic acid sequence, and a cis-acting ribozyme 
sequence, wherein said sense micleic acid sequence is complementary to said antisense 
nucleic acid sequence, and whs:ein said sense and antisensenucleic acid sequences form 
double-stranded RNA upon cleavage of said RNA strand by said cis-acting ribozyme 
sequence, and 

(d) isolated nucleic acids comprising an RNA strandfhat comprises a sense 
nucleic acid sequence, an antisense nucleic acid sequence, and a cis-acting ribozyme 
sequence, wherein said sensemcleic acid sequence is complementary to said antisense 
nucleic acid sequence, wheremsaid sense and antisense nndeic acid sequences form a 
single-stranded RNA upon cleavage of said RNA strand by said cis-acting ribozyme 
sequence, and wherein said single-stranded RNA contains m more than one hairpin loop 
structure and lacks RNA clearing activity. 

59. The virus of claim 58, wherein said virus is a reurovlms, adenovirus, herpes \ L us* 
adeno-associated viruse, lenthriras, baculo virus, caulifloweK mosaic virus, tobacco mosaic 
virus, togavirus, polio virus, cytomegalovirus, Paramyxovirus, Epstein-Barr virus, human 
papillomavirus, or hepatitis C^irus. 
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60. A nonhuman transgenic animal, wherein the genome of said inmhuman transgenic 
animal comprises a nucleic acid sequence, present on one strand, thalis a template for an 
RNA molecule that comprises: 

(a) a sense nucleic acid sequence^ an antisense nucleic acid sequence, and a cis- 
acting ribozyme sequence, wherein saM sense nucleic acid sequence is complementary to 
said antisense nucleic acid sequence, and wherein said sense and ari&sense nucleic acid 
sequences form double-stranded RNAqpon cleavage of said RNA molecule by said cis- 
acting ribozyme sequence, or 

(b) a sense nucleic acid sequence, an antisense nucleic acid ssquence, and a cis- 
acting ribozyme sequence, wherein said sense nucleic acid sequence is complementary to 
said antisense nucleic acid sequence, \s3ierein said sense and antisense nucleic acid 
sequences form a single-stranded RNA upon cleavage of said RNAmolecule by said cis- 
acting ribozyme sequence, and wheremsaid single-stranded RNA contains no more than 
one hairpin loop structure and lacks RNA cleaving activity. 

6 1 . The nonhuman transgenic animal of claim 60, wherein said ismhuman transgenic 
animal is a mouse. 

62. A method of identifying sequences capable of inducing RNA interference against 
a target mRNA, said method comprising: 

(a) introducing a vector prepaaaiion into cells, wherein eaclnrector of said vector 
preparation comprises: 

(1) a target nucleic aci&sequence, wherein said targslnucleic acid 
sequence is a template fir said target mRNA; 

(2) a reporter nucleic add sequence, wherein said reporter nucleic acid 
sequence encodes a polypeptide, and wherein saia tar^t nucleic acid 
sequence and said repaater nucleic acid sequence arefranscribed as a 
single fusion mRNA; asd 
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(3^ a promoter sequence region, wherein said promoter sequeroe region 
cangrises: (i) a member of a plurality of test nucleic acid sequences, and 
(ii)flwo promoter sequences operably linked to said member inan 
ansigement that promotes transcription of both strands of saiflmember; 

(b) identifying at least one cell lacking said polypeptide; and 

(c) obtaining the sequence of said memfosr from said cell identified instfep (b), 
thereby identifying- said sequence as being capable of inducing RNA interfeassce against 
said target mRNA- 

63. The meths* of claim 62, wherein said polypeptide is a fluorescent polypeptide. 

64. The melted of claim 62, wherein saidpolypeptide is lethal to said cdl. 

65 . A metho&for reducing the level of an raiRNA in a cell, said method comprising 
introducing an isafated nucleic acid into said cdtt, wherein said isolated nuchafc acid is 
selected from thcgroup consisting of: 

^isolated nucleic acids comprising a strand that is a template for an RNA 
moleculeikat comprises a sense nucleic acid sequence, an antisense,mcleic acid 
sequence, and a cis-acting ribozyme secpence, wherein said sense mrfeic acid 
sequenceSscomplementary to said antisense nucleic acid sequence, 3sl wherein 
said senseand antisense nucleic acid sesgaences form double-stxandedRNA upon 
cleavage&f said RNA molecule by saifl cis-acting ribozyme sequent 

(^isolated nucleic acids compiling a strand that is a templfe for an 
RNA molecule that comprises a sense anusleic acid sequence, an anfiseise nucleic 
acid sequerce, and a cis-acting ribozyme sequence, wherein said seass nucleic 
acid seqtiace is complementary to said antisense nucleic acid sequesre, wherein 
said senstand antisense nucleic acid sapiences form a single-stran&aiRNA upon 
cieavagecof said RNA molecule by said cis-acting ribozyme sequent^ and 
wherein sad single-stranded RNA corfhins no more than one hairpfckloop 
structureasd lacks RNA cleaving activst;, 
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(c) isolated nucleic acids comprising aniENA strand that comprises a ssise 
nucleic acid sequence, an antisense nucleic acidrsquence, and a cis-acting 
ribozyme sequence, wherein said sense nucleic «a»d sequence is complementaiy to 
said antisense nucleic acid sequence, and wherehvsaid sense and antisense muMc 
acid sequences form double-stranded RNA upOT cleavage of said RNA strand by 
said cis-acting ribozyme sequence, and 

(d) isolated nucleic acids comprising anJKNA strand that comprises a 
sense nucleic acid sequence, an antisense nuclEEtacid sequence, and a cis-aifeag 
ribozyme sequence, wherein said sense nucleic-astd sequence is complementaiy to 
said antisense nucleic acid sequence, wherein sasi sense and antisense nucleic 
acid sequences form a single-stranded RNA upon cleavage of said RNA straad by 
said cis-acting ribozyme sequence, and wheremsaid single-stranded RNA 
contains no more than one hairpin loop structuse and lacks RNA cleaving ac&vity, 

wherein the presence of said isolated nucleic acid witifiasaid cell reduces the level cff said 
mRNA in said cell. 

65. A mixture comprising at least two isolated nuclei acids, wherein one of saidsi 
least two isolated nucleic acids comprises a strand that* a template for an RNA molscule 
comprising a sense nucleic acid sequence and a first cisacting ribozyme sequence, 
wherein another of said at least two isolated nucleic acife comprises a strand that is a 
template for an RNA molecule comprising an antisensemicleic acid sequence and a 
second cis-acting ribozyme sequence, and wherein saiSsense nucleic acid sequenced 
complementary to said antisense nucleic acid sequent. 

67. An isolated nucleic acid comprising: 

(a) a target nucleic acid sequence, wherein saiQfcrget nucleic acid sequence is a 
template for target mRNA, and 

(b) a promoter sequence region, wherein saidpesmoter sequence region 
comprises (i) a nucleic acid sequence and (ii) two promrfer sequences operably linlarito 
said nucleic acid sequence In an arrangement that promts transcription of both stosfs 
of said nucleic acid sequence, wherein said nucleic aciisequence comprises a seqiKKse 
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present in said target nucleic acid sequence, and wherein transaction, within a cell, of 
said target nucleic acid sequence and both strands of said nucleic acid sequence is capable 
of inducing RNA interference against said target mRNA. 

68. The isolated nucleic acid of claim 67, wherein said targetmucleic acid sequence is 
a viral sequence. 

69. The isolated nucleic acid of claim 67, wherein said target nucleic acid sequence is 
an HPV sequence. 

70. The isolated nucleic acid of claim 67, wherein said targeinucleic acid sequence is 
an HB V sequence. 

7 1 . The isolated nucleic acid of claim 67, wherein one of said two promoter sequences 
is a U6 promoter sequence. 

72. The isolated nucleic acid of claim 67, wherein one of said two promoter sequences 
is an HI promoter sequence. 

73. The isolated nucleic acid of claim 67, wherein said two pramoter sequences are 
the same. 

74. The isolated nucleic acid of claim 67, wherein said two psamoter sequences are 
different. 

75. The isolated nucleic acid of claim 67, wherein said two promoter sequences are 
separated by no more than 200 base pairs. 

76. The isolated nucleic acid of claim 67, wherein said two promoter sequences are 
separated by no more than 100 base pairs. 
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77. The isdhted nucleic acid of claim 67, wherein said two promotersequences are 
separated by rromore than 50 base pairs. 

78. The isrifcted nucleic acid of claim 67, wherein said promoter seqmnce region 
comprises man than two promoter sequences. 

79. The isrfated nucleic acid of claim 67, wherein said sequence present in said target 
nucleic acid salience is between 15 and 50 nucleotides in length. 

80. The issikted nucleic acid of claim 67, wherein said sequence presmt in said target 
nucleic acidsquence is between 18 and 25 nucleotides in length. 

8 1 . The isEiated nucleic acid of claim 67, wherein said isolated nuchas acid comprises 
a reporter nucleic acid sequence, wherein said reporter nucleic acid sequence encodes a 
polypeptide, aid wherein said target nucleic acid sequence and said repoAsr nucleic acid 
sequence arefcanscribed as a single fusion mRNA. 

82 . The isfeted nucleic acid of claim 8 1 , wherein said polypeptide isa fluorescent 
polypeptide. 

83 . The isolated nucleic acid of claim 81, wherein said polypeptide isa green 
fluorescent propeptide. 

84. A nucleic acid library comprising isolated nucleic acids, whereinxach isolated 
nucleic acid comprises: 

(a) aitaget nucleic acid sequence, wherein said target nucleic acaflsequence is a 

template forteget mRNA, and 

(b) a promofcersequence region, wherein said promoter sequence regioaanmprises (i) a 
nucleic acid sapience and (ii) two promoter sequences operably linked to said nucleic 
acid sequencEii an arrangement that promotes transcription of both stranis of said 
nucleic acidsaquence, wherein said nucleic acid sequence is different fcareach isolated 
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nucleic acid, wherein satd nucleic acid sequence of at least one of said isolated irasleic 
acids comprises a sequence present in said target nucleic acid sequence, and whereas 
transcription, within a ceB, of said target nucleic acid sequence and both strands of said 
nucleic acid sequence of at least one of said isolated nncleic acids is capable of infeing 
RNA interference against said target mRNA. 

85. The nucleic acid library of claim 84, wherein said target nucleic acid sequence is a 
viral sequence. 

86. The nucleic acidBbrary of claim 84, wherein said target nucleic acid sequince is 
an HPV sequence. 

87 . The nucleic acM library of claim 84, wherein said target nucleic acid seqomce is 
an HBV sequence. 

88. The nucleic acM library of claim 84, wherein one of said two promoter sciences 

is a U6 promoter sequence. 

89. The nucleic acid library of claim 84, wherein one of said two promoter segzences 
is an HI promoter sequeace. 

90. The nucleic adslibrary of claim 84, wherein said two promoter sequencesare the 
same. 

9 1 . The nucleic add library of claim 84, wherein said two promoter sequences are 
different. 

92. The nucleic add library of claim 84, wherein said two promoter sequencesare 
separated by no more Hen 200 base pairs. 



80 



WO 2005/017127 



T/US2004/005400 



93. The nucleic acid library of claim 84, wherein said twogromoter sequences are 
separated by no more than 100 base pairs. 

94. The nucleic acid library of claim 84, wherein said twoijromoter sequences are 
separated by no more than 50 base pairs. 

95. The nucleic acid library of claim 84, wherein said propter sequence region 
comprises more than two promoter sequences. 

96. The nucleic acid library of claim 84, wherein said ssgience present in said target 
nucleic acid sequence is between 15 and 50 nucleotides in ls^gih. 

97. The nucleic acid library of claim 84, wherein said se^ence present in said target 
nucleic acid sequence is between 18 and 25 nucleotides in lezsth. 

98. The nucleic acid library of claim 84, wherein said isrfkted nucleic acid comprises 

* . * ■;■ * ~i : aoi^. s 2qu , wherein said : porte r. £* ; "d. ^cocies <. 
polypeptide, and wherein said target nucleic acid sequence :asi said reporter nucleic acid 
sequence are transcribed as a single fusion mRNA. 

99. The nucleic acid library of claim 84, wherein said polypeptide is a fluorescent 
polypeptide. 

100. The nucleic acid library of claim 84, wherein said poftpeptide is a green 
fluorescent polypeptide. 

101. An isolated nucleic acid comprising: 

(a) a target nucleic acid sequence, wherein said taigo'i^acleic dc.d sequence is u 
template for target mRNA, and 

(b) a promoter sequence region, wherein said promcs&r sequence region 
comprises a promoter sequence operably linked to a nucleicasid sequence, wherein one 
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strand of said nucleic acid sequence isBtemplate for a sense nucleic acid sequence and an 
antisense nucleic acid sequence, wherein said sense nucleic acid sequence is 
complementary to said antisense nucleic acid sequence, wherein said sense nucleic acid 
sequence comprises a sequence preserftm said target mRNA, and wharein transcription, 
5 within a cell, of said target nucleic acidsequence and at least one strand of said nucleic 
acid sequence is capable of inducing KEJA interference against said taiget mRNA. 

102. The isolated nucleic acid of clam 101, wherein said target nucleic acid sequence 
is a viral sequence. 

10 

103. The isolated nucleic acid of clmn 101, wherein said target nucleic acid sequence 
is an HPV sequence. 

104. The isolated nucleic acid of clski 101, wherein said target raadeic acid sequence 
15 is an HBV sequence. 

105 . The isolated nucleic acid of claim 101, wherein said promoter sequence is a U6 
promoter sequence or an HI promoter asaquence. 

20 106. The isolated nucleic acid of claim 101, wherein said promoter sequence region 
comprises two promoter sequences opsably linked to said nucleic add sequence in an 
arrangement that promotes transcription of both strands of said nucleic acid sequence, 

107. The isolated nucleic acid of clans 106, wherein said two promoter sequences are 
25 the same. 

108. The isolated nucleic acid of cMm 106, wherein said two promoter sequences are 
different. 

30 109. The isolated nucleic acid of clain 106, wherein said two promoter sequences are 
separated by no more than 200 base pais. 
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110. The isolated nucleic acid of claim 106, wherein said two promoter segzsnces are 
separated by no nure than 100 base pairs. 

111. The isolatei nucleic acid of claim 106, wherein said two promoter sspences are 
separated by no rose than 50 base pairs. 

112. The isoldfcd nucleic acid of claim 1 06, wherein said promoter sequent region 
comprises more Han two promoter sequences. 

113. The isoited nucleic acid of claim 101, wherein said sequence present in said 
target nucleic adiSsequence is between 15 and 50 nucleotides in length. 

114. The isohttoi nucleic acid of claim 101, wherein said sequence presenEin said 
target nucleic acii sequence is between 18 and 25 nucleotides in length. 

115. Tb : isolate! nucleic acid of claim 101, wherein the transcription pradrct from at 
least one strand rifsaid nucleic acid sequence is capable of forming a hairpialoop 
structure. 

1 1 6. The isolated nucleic acid of claim 115, wherein at least a portion oEtfe stem 
portion of said hnkpin loop structure is formed by said sense nucleic acid sixpence and 
said antisense ranfeic acid sequence. 

117. The isolated nucleic acid of claim 101, wherein said isolated nucleixrmd 
comprises a repaifcr nucleic acid sequence, wherein said reporter nucleic asai sequence 
encodes a polypa^ide, and wherein said target nucleic acid sequence and said reporter 
nucleic acid seqparce are transcribed as a single fusion mRNA. 

118. The isobQad nucleic acid of claim 117, wherein said polypeptide is a^iuorescent 
polypeptide. 
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119. The isolated nucleic acid of claim 1 17, whereinis&i polypeptide is a green 
fluorescent polypeptide. 

120. A nucleic acid library comprising isolated nuclei acids, wherein each isolated 
nucleic acid comprises a promoter sequence operably Iinfed to a nucleic acid sequence, 
wherein one strand of said nucleic acid sequence is a tenprlate for a sense nucleic acid 
sequence and an antisense nucleic acid sequence, whercafcsaid sense nucleic acid 
sequence is complementary to said antisense nucleic adffisequence, wherein said sense 
nucleic acid sequence is different for each isolated nudheib acid, and wherein 
transcription, within a cell, of a target nucleic acid sequence and at least one strand of said 
nucleic acid sequence of at least one of said isolated xmLcic acids is capable of inducing 
RNA interference against a target mRNA, said target nsieic acid sequence being a 
template for said target mRNA. 

121. The nucleic acid library of claim 120, wherein ash isolated nucleic acid 

122. The nucleic acid library of claim 120, whereinssid sense nucleic acid sequence ox 
at least one of said isolated nucleic acids comprises aasquence present in said target 

mRNA. 

] °3 , The nucleic acid library of claim 120, whereinsssd target nucleic acid sequence is 

a viral Sw v ieice. 

124. The nucleic acid library of claim 120, whereinisad target nucleic acid sequence is 
an HPV sequence. 

125. The nucleic acid library of claim 120, whereingsdd target nucleic acid sequence is 
an HBV sequence. 
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126. The nucleic acid library of (Mm 120, wherein said promoter sequence is a U6 
promoter sequence or an HI promoter sequence. 

127. The nucleic acid library of (Mm 120, wherein said isolated nucleic acids 
comprise two promoter sequences qjsrably linked to said nucleic acid sequence in an 
arrangement that promotes transcrip&n of both strands of said nucleic acid sequence. 

128. The nucleic acid library ofs&tim 127, wherein said two promoter sequences are 
the same. 

129. The nucleic acid library ofrfeim 127, wherein said two promoter sequences are 
different. 

130. The nucleic acid library of daim 127, wherein said two promoter sequences are 
separated by no more than 200 basepairs. 

1*1. The nucleic acid library of is&irn 127, wherein said two promoter sequences are 
separated by no more than 100 basepairs. 

132. The nucleic acid library of claim 127, wherein said two promoter sequences are 
separated by no more than 50 basejpars. 

133. The nucleic acid library ofafeim 127, wherein said isolated nucleic acids 
comprise more than two promoter.^uen^cs. 

134. The nucleic acid library of c&im 120, wherein said sequence present in said target 
nucleic acid sequence is between 13 and 50 nucleotides in length. 

135. The nucleic acid library ofiadhim 120, wherein said sequence present in said target 
nucleic acid sequence is between 18 and 25 nucleotides in length. 
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136. The nucHc acid library of claim 120, wherein said isolated nucleiisacids 
comprise a reporter nucleic acid sequence, wherein said reporter nucleic and sequence 
encodes a polypeptide, and wherein said target nucleic acid sequence andasdd reporter 
nucleic acid seipence are transcribed as a single fusion mRNA. 

137. The tuufeic acid library of claim 136, wherein said polypeptide is^fluorescent 
polypeptide. 

138. The nurffeic acid library of claim 136, wherein said polypeptide isaagreen 
fluorescent polypeptide. 

139. A mettod for making a library comprising isolated nucleic acids/s&erein each 
isolated nuclei acid comprises a nucleic acid sequence, wherein one straeri of said 
nucleic acid salience is a template for a sense nucleic acid sequence andsn antisense 
nucleic acid stajience, wherein said sense nucleic acid sequence is comj&mentary to said 
antisense nuclsh acid sequence, wherein said sense nucleic acid sequencers different for 
each isolated CTcleic acid, wherein transcription, within a cell, of a targetaicleic acid 
sequence anduE least one strand of said nucleic acid sequence of at least ras of said 
isolated nuclekacids is capable of inducing RNA interference against atzget mRNA, 
and wherein sad target nucleic acid sequence is a template for said targefecRNA, said 
method composing: 

(a) obiming a nucleic acid collection comprising nucleic acid nrifecules, wherein 
c ne strand ofaach ic acid mo leer le comprises said sense nucleic a<5Lsequen~~ or 
slid aatisensem^clcL id sequent. **ej£i:~ . * s ~r£it_ : . . 

antisense nudfeic acid sequence is different for each nucleic acid moleaJfei wherein said 
one strand ofoch nucleic acid molecule comprises a first sequence andasecond 
sequence, wbascin said first sequence is complementary to said second sentence, and 
wherein said fist and second sequences are located 3' of said sense nucMfc acid sequence 
or said antiseiK nucleic acid sequence of each nucleic acid molecule, an2 
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(b) amplifying sid nucleic acid collection in an amplification reaction un&r 
conditions wherein the 3" end of each nucleic acid molecule is extended using apnfion 
of the 5' end of each nucleic acid molecule as a template to form an extended niu3sc acid 
collection comprising amended nucleic acid molecules, wherein said amplification 
reaction amplifies said extended nucleic acid molecules, wherein one strand of each 
extended nucleic acidnnriecule comprises said sense nucleic acid sequence andsaffi 
antisense nucleic acid sequence, and wherein said extended nucleic acid collectinprs said 
library. 

140. The method ofa&im 139, wherein said method comprises removing a pariim of 
the sequence located iatween said sense nucleic acid sequence and said antisensEsaicleic 
acid sequence of eachatended nucleic acid molecule. 

141. The method ofrfaim 140, wherein, after said removing step, said sense imfeic 
acid sequence and saiiantisense nucleic acid sequence of each extended nuclei&acid 
molecule is separated!^ 4 to 20 nucleotides. 

142. The method ofaiaim 139, wherein said method comprises inserting each«tended 
nucleic acid moleculeiiito an expression vector. 
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